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BIOORGANICALLY DOPED SOL-GEL MATERIALS CONTAINING
AMYLOGLUCOSIDASE ACTIVITY

Beatrice Viad-Oros, Monica Dragomirescu, Gabriela Preda,
Cecilia Savii and Adrian Chiriac

Amyloglucosidase (AMG) from Aspergillus niger was encapsulated in various ma-
trices derived from tetraethoxysilane, methyltriethoxysilane, phenyltriethoxysilane and vi-
nyltriacetoxysilane by different methods of immobilization. The immobilized enzyme was
prepared by entrapment in two steps, in one-step and entrapment/deposition, respectively.
The activities of the immobilized AMG were assayed and compared with that of the native
enzyme. The effects of the organosilane precursors andtheir molar ratios, the immobilization
method, the inorganic support (white ceramic, red ceramic, purolite, alumina, Ti iOz,
celite, zeolite) and enzyme loading upon the immobilized enzyme activity were tested.
The efficiency of the sol-gel biocomposites can be improved through combination of the
Sfundamental immobilization techniques and selection of the precursors.
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INTRODUCTION

Generally, the sol-gel method has been used in the preparation of inorganic oxidic
networks by hydrolysis and polycondensation of alkoxides. Silica host matrices, made by
the sol-gel process, have emerged as a promising platform for encapsulation of biomol-
ecules such as enzymes, antibodies and cells. Enzymes find a more stable environment
upon encapsulation in a silica host, because the polymeric framework grows around the
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biomolecule, creating a cage and thus protecting the enzyme from aggregation and unfold-
ing. These silica matrices are chemically inert, hydrophilic, and inexpensive to synthesize.
They also exhibit higher mechanical strength, enhanced thermal stability, and negligible
swelling in organic solvents compared to most organic polymers. Other advantages of
silica supports include biocompatibility and resistance to microbial attack. Due to the
facilities offered by sol-gel method, this becomes the main way to obtain hybrid materials
(1-3). Bioorganically doped sol-gel materials have found increasing application in a wide
variety of fields such as biosensing, affinity chromatography and biocatalysis (4,5).

Amyloglucosidase (AMG) (a-1,4-D-glucan glucohydrolase), E.C.3.2.1.3, is an exo-
enzyme, one of the most economically important enzymes used in many industrial pro-
cesses. Examples of two industries that have taken advantages of this development are the
sweetener and ethanol industries (6,7). To increase the efficiency and profitability of this
process, AMG was immobilized by the sol-gel technique on different inorganic supports.
Immobilized enzyme preparations were characterized by hydrolysis of starch and com-
pared with the native enzyme.

EXPERIMENTAL

AMG from Aspergillus niger was obtained from Novo. The following precursors were
used for sols preparation: tetracthoxysilane (TEOS), methyltriethoxysilane (MTES), phe-
nyltriethoxysilane (PhTES) and vinyltriacetoxysilane (VTAS), all from Sigma-Aldrich.
Soluble potatoes starch was purchased from Bender & Hobein. All the other chemicals
were analytical grade and were used without further purification.

Encapsulation of enzyme by sol-gel process was performed in three different ways:

1. Silica sol was obtained from TEOS, ethanol and water (1.25: 1.25: 1, v/v), in acid ca-
talysit (1M HCI). Then the sol was mixed with ethanol and water (1 : 1: 1.33, v/v), 5
drops NH, 12% and 1.25 mL buffered enzyme solution, containing 0.1 mL AMG (8).

2. TEOS and enzyme solution, containing 0.075 mL AMG, (1:1.72, v/v) were mixed with
PVA 22.000 (polyvinyl alcohol 22.000) 4%, 1M NaF and isopro pylic alcohol (2 :1: 1,
v/v) (9).

3. Hybrid matrices were prepared using the following Si-precursors: tetraecthoxysilane
(TEOS), methyltriethoxysilane (MTES), phenyltricthoxysilane (PhTES) and vinyltri-
acetoxysilane (VTAS). The mixture containing the alkoxides in different molar ratios,
ethanol, water (Table 1) and 11 uL HCI (0.04 M) was stirred for an hour. Then 0.938
mL buffered enzyme solution, containing 0.075 mL AMG and 100 pL 1M NaF were
added under stirring (3).

In all cases the gelation occurred in a few minutes. The gels were left overnight for
aging (4°C), washed with n-hexane and dried (4°C). The gelation was also performed in
the presence of 1 g of different supports (celite, white ceramic, red ceramic, purolite, alu-
mina, TiO,, zeolite).
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Table 1. The chemical composition of the hybrid matrices

Alkoxides Molar ratio
Alkoxides EtOH/H,O

VTAS/TEOS 1:1 0.8:1
PhTES/TEOS 1:1 0.8:1
PhTES/TEOS 2:1 0.8:1
MTES/TEOS 1:1 0.8:1
MTES/TEOS 2:1 0.8:1
MTES/TEOS 3:1 0.8:1

Residual starch concentration assay (I,/I): 0.5 mL soluble starch (0.4%), 0.4 mL
phosphate buffer (0.05 M, pH 5.2) and 0.01 g immobilized biocatalyst were incubated
for 5 min at 25°C. 5 mL solution L/I M/1000 and 15 mL distilled water were added. The
samples were filtered. The absorbance was measured at 595 nm against distilled water.
One unit of AMG activity was defined as the amount of enzyme required to hydrolyze 1
mg starch in 5 min at 25°C when 2 mg starch was present at the start of the reaction.

Reducing sugars assay: 0.5 mL soluble starch (1%), 0.4 mL citrate-phosphate buffer
(0.15M, pH 4.6) and 0.05 g immobilized biocatalyst were incubated for 5 min at 25°C and
then 1 mL 3,5-dinitrosalicylic acid reagent (DNS) was added. The samples were boiled in
water for 10 min and 10 mL water was added. The samples were filtered and assayed at
540 nm against blank containing soluble starch, citrate-phosphate buffer, DNS reagent and
distilled water. One unit of AMG activity was defined as the amount of enzyme required
to produce 1 pmol of glucose in 5 min at 25°C.

Protein concentration was determined by the Lowry method (10). Samples where
assayed against the blank prepared in the same way but with water instead sample. A bo-
vine serum albumin calibration curve was used.

RESULTS AND DISCUSSION

The aim of this work was to find the most favorable sol-gel process that enhances the
activity of the entrapped AMG. Because of the availability of the precursor and the easi-
ness of the method, a two step sol-gel procedure, based on the typical tetractoxysilane-wa-
ter-HCl reaction mixture, was used for the encapsulation of AMG in silica matrices (4). To
optimize the immobilization parameters, the enzyme loading (Fig. 1) and the water/TEOS
ratio (Fig. 2) were assayed. Our results suggest that the best water/TEOS ratio is 12. By
increasing the enzyme loading, in the case of TEOS, the immobilization yields remained
relatively small (2 - 15%). The nanoporous nature of these matrices - pore size of approxi-
mately 100 A, total pore volume of 0.408 cm’/g and BET surface area of 359.8 m¥g (11),
that lead to a low diffusion rate of the substrate and poor accessibility of enzyme, as well
as the unfavorable interaction between the matrix and the enzyme may be responsible for
the loss of the AMG activity.
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Fig. 1. The influence of enzyme loading Fig. 2. The influence of H,O/TEOS ratio on
on the immobilization efficiency AMG activity
in the case of silica matrices

We tried to increase the immobilization efficiency by changing the entrapment tech-
nique, using one-step method of immobilization, a combined method — entrapment/depo-
sition and various precursors, respectively. In all the cases the activities were assayed by
both methods (L/I, DNS) and the trends were similar.

Three different methods of AMG immobilization in silica network, using only TEOS
as precursor, were compared. The first one is the immobilization technique consisting of
two steps; the second method is a one-step method of immobilization; and the third is
entrapment/deposition (Fig. 3). Though the second method gave quite good results (the
activity was four times higher), the best ones were are obtained by entrapment/deposition,
when the activity was increased six times.
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Fig. 3. Comparison of the method of immobilisation of AMG on various supports
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Amyloglucosidase was also immobilized in gels derived from TEOS — method 1, and organo-
silanes (i.e. MTES, PhTES, VTAS) — method 3, through two-step sol-gel processes. To
find the best conditions that enhance the activity of the entrapped AMG, the effect of the
organosilane precursors and their molar ratios were investigated (Fig. 4). The best results
were obtained for MTES/TEOS molar ratio of 1:1.
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Fig. 4. AMG immobilized on different sol-gel matrices

Glucoamylase was entrapped using a combined method, attempting to reduce diffu-
sional problems present in any network. The AMG was immobilized by sol-gel technique
and then an inorganic support, celite, was added. The results obtained using the entrapment
and the entrapment/deposition method are compared (Table. 2). By entrapment/deposition
the activities increased by 1.75 and 1.5 times, respectively in the case of PhATES/TEOS,
and by 5.6, 3.2 and 2.6 times, respectively, in the case of TEOS and MTES/TEOS. The
results suggest that the method of choice should be entrapment/deposition.

Table 2. The influence of the immobilization method on AMG activity bound to various supports

Immobilization method | Precursors AMG activity (U/g) | Protein content (mg/g)
Entrapment TEOS 1.33 6.59
PhTES:TEOS=1:1 3.94 13.76
PhTES:TEOS=2:1 2.83 5.65
MTES:TEOS=1:1 5.01 8.11
MTES:TEOS=3:1 2.07 1.37
Entrapment/deposition TEOS 7.46 5.23
(Matrices + Celite) PhTES:TEOS=1:1 6.93 12.80
PhTES:TEOS=2:1 445 9.03
MTES:TEOS=1:1 8.25 7.61
MTES:TEOS=3:1 5.08 8.78
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Using the entrapment/deposition method, the influence of different inorganic supports
upon the activity of the enzyme was tested. Some of supports (i.e. white ceramic, red
ceramic, purolite, zeolite) are indigenes, from local sources. Some of them are ecological
and are used in agriculture, horticulture, etc. The others are well known as supports for
enzyme immobilization (alumina, TiO,, celite). We obtained the best results using zeolite
(Table 3).

Table 3. The influence of type of matrices on AMG immobilization by entrapment/deposition

Type of matrices AMG Activity (U/g) Protein content (mg/g)
MTES:TEOS=1:1 + Al O, 0.23 15.32
MTES:TEOS=1:1 (Standard) 2.58 8.11
MTES:TEOS=1:1 + purolite 3.54 25.27
MTES:TEOS=1:1 + white ceramic 4.05 15.41
MTES:TEOS=1:1 + red ceramic 4.56 13.63
MTES:TEOS=1:1 + celite 8.25 7.61
MTES:TEOS=1:1 + TiO, 9.21 12.56
MTES:TEOS=1:1 + zeolite 13.63 22.28

In the case of the silica (MTES : TEOS — 1 : 1)/alumina xerogel the activity was below
the standard, so we tried to enhance it by increasing the enzyme loading (Table 4). The
enzyme activity increases with enzyme loading to a maximum, then decreases, probably
because of steric hindrance and enzyme agglomeration. The best results were obtained at
aratio of 0.75 mL/5 mL sol (26.73 U/mL sol). By increasing the enzyme loading 20 times
the activity enhanced approximately 4 times, so the main factor in enhancing the enzyme
activity proved to be the support and not the enzyme loading.

Table. 4. Influence of enzyme loading on the immobilization efficiency

MTES:TEOS=1:1 + Al,O, L/T" Activity Protein content

Enzyme loading (mL AMG) (U/g) (mg/g)
0.05 7.69 7.64

0.1 12.84 15.32

0.25 10.06 19.94

0.5 20.66 33.19

0.75 28.90 28.49

1 28.44 25.11
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CONCLUSIONS

The sol-gel immobilization is a promising technique because it allows the obtaining
of a solid material, easier to manipulate than native enzyme (liquid in the case of AMG).
Also the decrease of catalytic efficiency of the enzyme is partially compensated by the in-
crease of the enzyme stability, as it has to be proved in future work. Even if the most usual
method of immobilization uses TMOS and its derivatives (9), this study shows that TEOS,
which is less reactive and also less expensive, is suitable too. Further studies should eluci-
date how the precursors influence the textural characteristics of the matrices.

By exploring or combining available methods or knowledge, or by exploiting the posi-
tive attributes of each immobilization method, the performance of immobilized enzymes
can be improved the levels that were previously unattainable by using single immobiliza-
tion methods. A rational combination of various immobilization methods is a valuable
approach to obtain robust immobilized enzymes, which cannot be obtained by the straight-
forward immobilization.
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BUOOPIAHCKHN AOIMUPAHU COJI-T'EJI MATEPUJAJIN
CA MUKPOBHOJIOLIIKUM AMUJIA3ZAMA

Beatrice Viad-Oros, Monica Dragomirescu, Gabriela Preda,
Cecilia Savii and Adrian Chiriac

Awmmnorityko3unasza (AMI) u3 rieuBe Aspergillus niger, je WHKaIICynUpaHa y Karcy-
JIy ca pa3jIMYUTHM MaTPUKCHMa KOjH Cy JOOMjEHHU Ol TeTPACTOKCUCHIIaHA, METHITPUCTO-
KCHCHJIaHa, (eHMITPUETOKCUCHIIaHA M BUHIITPHALICTOKCHIIAHA, Pa3IMYUTHM METolamMa
HMOOHITH3AIIH]E.

NmoOmnn3anuja eH3uMa je TOCTUTHYTA y JBa KOopaka, Y jenHoj (ha3u ¥ WHKaICyIupa-
BEM/JICTIO3UIINjOM, peroM. AKTuBHOCTH nmoOumucane AMIT cy ucrurane u nopelhene
ca HEBE3aHWM CH3MMOM. VICIIMTHBAaHU Cy yTHIA] IpeKypcopa Ha 0a3u opraHoCHIIaHa H
bUXOB MOJIAPHM OJIHOC, METOJa MMOOMIIN3alMje, HeOpraHCKH Hocau (Oena kepamuka,
IpBEHA KepamuKa, anymuHna, TiO,, 3€011TH, IIeIUT, MyPOIUT) U aKTUBHOCT MMOOHIIHCA-
Hor eH3uMa. EQuKacHOCT con-resl OMOKOMIIO3UTa MOXKE ce MOOO0JbIIATH KOMOMHAIIM]OM
OCHOBHHX TEXHHKA HMOOWITH3ALHje K H300pOM MpeKypcopa.
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