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Abstract

B-D-glucopyranosidase (3G, EC 3.2.1.21) is an enzyme of considerable importance in food technology for increasing the
aroma of wines, musts, fruit juices and alcoholic beverages. In this research we have studied the stabilization of a
commercial BG preparation, by covalent immobilization of its carbohydrate moiety to an amine agarose gel. The findings
showed total adsorption of the enzyme, previously purified [G. Spagna, D. Romagnoli, A. Martion, G. Bianchi, P.G. Pifferi,
Enzyme Microb. Technol., 22 (1998) 298], on the matrix, its low reduction in activity and finally a high stabilization over
time. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

B-D-glucopyranosidase (BG, EC 3.2.1.21), toge-
ther with other glycosidases (a-L-arabinofuranosi-
dase, a-L-rhamnopyranosidase and [-p-apiosidase),
is capable of hydrolysing the glycosides of monoter-
penes, C13-norisoprenoids, sesquiterpenes and other
aliphatic and aromatic alcohols, which are amongst
the main components in the aroma of musts, wines
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[2—14] and fruit juices [15—-19]. This enzyme is also
capable of hydrolysing anthocyanins, which are the
main colouring agents to be found in foods of veg-
etable origin. Moreover, by reversing the normal
hydrolytic reaction, BG can aso potentially be used
in the synthesis of glycoconjugates[20,21]. The main
interest in this enzyme is therefore related to its
possible applications in beverage technology (such
as in wine and fruit juice production) for the purpose
of improving the sensorial properties of these prod-
ucts, such as aroma and colour [22—25]. In addition
to the advantages aready reported for the immobi-
lization of other enzymes, the use of BG in its
immobilized form [26—32] rather than in solution,
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Fig. 1. Method and immobilization yields (1Y, between parenthe-
ses) for immobilized G on amine agarose gel.

may permit a better control of the reaction and, as its
direct use in oenology is as yet not contemplated by
European law, could also find wider application.

BG is a glycoenzyme featuring carbohydrate side
chains [33], which, on the basis of our trials, do not
appear to be directly involved in catalysis. In fact,
after oxidation with periodate, the activity of the
enzyme remains practically unchanged. Starting from
these experimental findings and from those of simi-
lar studies by other authors [34], it was decided to
immobilize this enzyme through its carbohydrate
chains on a support containing amine groups. BG
was thus immobilized on amine agarose gel as shown
in Fig. 1. The method entails the oxidation of the
carbohydrate chains of the enzyme, so as to form
aldehyde groups capable of reacting with the amine
groups of the matrix and their subsequent reduction.
Moreover, before the reduction, the formation of
covalent bonds with carbodiimide was also tested.

2. Materials and methods
2.1. Materials

B-glucosidase (BG) from Aspergillus niger was
purified from the commercial preparation Cytolase

PCL5 (PCLS5, lot 44, Genencor, USA) by adsorption
on bentonite (BDH, England). The matrix used for
immobilization was crossiinked 6% agarose gel
(Hispanagar S.A., Spain). The substrate employed to
measure enzyme activity was 4-nitro-phenyl p-gluco-
pyranoside ( p-NPG); the other reagents: 1-ethyl-3-
(3-dimethyl amino propyl) carbodiimide (EDC), eth-
ylene diamine dihydrochloride (FDA), glycidol,
sodium periodate, sodium borohydride and trimethyl
amino borane (TAB) were supplied from Sigma (St.
Louis, USA).

2.2. Preparation of the amine agarose gel

The matrix was prepared according to Blanco et
al. [35]. The method shown in Fig. 2 essentialy
comprises two steps. In the first step (a), agarose gel
is transformed into the aldehyde derivative by etheri-
fication of the hydroxyl groups with glycidol and by
oxidation of the resulting glyceryl-agarose with peri-
odate. In the second step (b), the amine derivative is
obtained from the matrix by functionalising the alde-
hyde groups with EDA and subsequently reducing
them with NaBH .

1. Fifty millilitres of 28.5g/1 of NaBH, in 1.7M
NaOH solution and, very slowly, 36 ml of glyci-
dol were added to 150ml of agarose gel sus-
pended in 30ml of distilled water, under slow
stirring. The mixture was alowed to react for
about 18h, closely checking that the temperature
did not exceed 25°C. 150ml of 0.1M NalO,
solution were then added to the gel washed with
abundant distilled water (about 1.51). The mixture
was left to react under stirring at room tempera
ture for about 2h, the aldehyde derivative was
thus obtained.

2. Thirty-five millilitres of this matrix were sus-
pended in 200ml of 0.2M of EDA, which had
been brought to pH 10.0 with 1M HCI, and
stirred at room temperature for 2h. Two grams of
NaBH, were then added and the suspension was
stirred again for another 2h. The resulting amine
agarose gel was washed with 11 of 0.1M NaCl
dissolved in 0.1 M borate buffer at pH 9.0 and in
0.1 M acetate buffer at pH 4.0, and finally with 11
of distilled water.
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Fig. 2. Preparation of amine agarose gel.

2.3. Enzyme purification

This method is a modification of the one de-
scribed by Martino et al. [1,36]. Ten grams of ben-
tonite were slowly added to 250ml of 0.1 M citrate-
phosphate (C-P) buffer at pH 5.0. As soon as the
dispersion became homogeneous, the pH was ad-
justed to 5.0 with 0.1M NaOH. Two hundred and
fifty millilitres of PCL5, which had also been brought
to pH 5.0, were then added. The mixture was shaken
for about 2h, after which it was centrifuged at
10,000 X g for 1h. Fifty millilitres of 0.1M C-P
buffer at pH 5.0 containing a further 10g of ben-
tonite were added to the supernatant, after which the
procedure was repeated as described above. To the
enzyme solution, brought to pH 3.4 with 0.1 M HCI,
were added 0.8vol. of 0.1M C-P buffer at pH 5.0,
0.2voal. of ethanol and KCI up to about 0.25M. A
gelatinous precipitate was found in the solution after
it had been left standing overnight at 3°C. This was
removed by centrifugation at 10,000 X g for 1h at
3°C. The supernatant was brought to pH 7.5 with
0.1M NaOH and ethanol was added up to 20%. As
further impurities were seen to precipitate in the
solution after it had been left to stand for 3h at 30°C,
centrifugation was once again performed so as to
eliminate them. Amine gel was added to the solution
brought to pH 6.0 with 0.1M HCI in a 1.7 ratio
(v/v). After filtration, the solution was ultrafiltered
through a membrane with a molecular weight cut off
of 30,000 (PM 30, Amicon). Finaly, the enzyme
was brought to pH 5.0 with a 0.05M C-P buffer.
This procedure was evaluated by determining BG
activity, protein concentration [37], and brown com-

pounds content measuring the decrease in ab-
sorbance at 420 nm.

2.4. Enzyme immobilization

Sixteen millilitres of 0.1M NalO, were added
under stirring to 60ml of purified enzyme (1.0—
1.5Uml™1) brought to pH 5.0 with diluted HCI,
after which the solution was allowed to react for
about 2h at 25°C. The enzyme solution was ultrafil-
trated through a membrane with a molecular weight
cut-off of 30,000. About 50ml of 0.05M C-P buffer
a pH 5.0 were added after the enzyme had been
washed with distilled water. Next, 2ml of amine gel
were added to 25ml of the oxidized enzyme which
had been brought to pH 5.5—-6.0 and the enzyme was
left to react under slow stirring for 2h at room
temperature. The suspension thus obtained was di-
vided into two equal quantities, which were treated
according to pathways 1 and 2.

In pathway 1, the suspension was alowed to
stand overnight under stirring at 3°C. The gel was
then filtered, washed with 0.05M C-P buffer at pH
6.0 and reduced with 10ml of 150mM TAB in
0.05M phosphate buffer at pH 8.0 for about 3h.

In pathway 2, solid EDC was added up to 0.02M
to the suspension. After 2 h stirring at room tempera-
ture, the suspension was filtered, and 10ml of TAB
solution at pH 8.0 being added to the gel as in
pathway 1.

2.5. Determination of enzyme activity

Depending on whether the enzyme was free or
immobilized, 0.1 ml of a solution or a suspension of
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enzyme, was added to 0.9ml of 5.5mM p-NPG
dissolved in 0.1M C-P buffer at pH 4.0. The assay
was carried out under stirring at 25°C for 1 mm, after
which adding 2ml of 1M Na,CO, stopped it. The
order of the reagents was reversed, for the blank test,
i.e., the Na,CO; solution was added to the substrate
before the enzyme. The p-nitrophenol released in
solution was measured at 400nm, 18,300M ~*cm™?
was adopted as the molar extinction coefficient. One
activity unit of BG was defined as the amount of
enzymereleasing 1 wmol of p-nitrophenol per minute
under assay conditions [38]. Finally, protein determi-
nation was carried out by colorimetric reaction with
Coomassie Blue G250 according to Bradford [37].

Residual BG activity, at pH 4.0 (0.05 M C-P
buffer) and 53°C, optimal pH between 3.0 and 7.5
(0.05M C-P buffer) at 25°C, and finally an optimal
temperature between 20 and 90°C at pH 4.0 (0.05M
C-P buffer) were also determined.

Adsorption yield (AY) and immobilization yield
(1Y) are defined as follows: AY = U,/ U, X 100;
1Y = Uy /Uygs X 100; where U, are the enzyme
units which are equilibrated with the support, U,
are those which remain bound to the support after
separation of the supernatant, and U, are those
which are active in the immobilized enzyme.

3. Results and discussion

The purification process adopted permitted a good
recovery of enzyme activity (about 60%), with a five
times increase in specific activity (from 1.4 to
7.1U/mg of protein), a reduction of polysaccharides
(ca. 15%) especially by precipitation, and a reduction
in brown compounds (of at least 85%), resulting
from Maillard's reaction during sterilization and fer-
mentation of enzyme production. Enzyme purifica
tion was necessary, as the use of the commercial
enzyme preparation as such did not permit the BG to
be adsorbed on to the amine gel, as brown com-
pounds compete with the enzyme for adsorption.
This method of purification allowed total 3G adsorp-
tion. Moreover, BG activity in the purified enzyme
preparation was seen to remain almost unchanged
(about 90%) after oxidation with periodate. This

finding would seem to confirm the hypothesis that
the side sugar chains are not involved in the cataly-
sis. The adopted method and the immobilization
yield values of the single steps are summarized in
Fig. 1.

The enzyme was completely absorbed on amine
gel (adsorption yield, AY 100%), maintaining in
both pathways a considerable activity (immobiliza-
tion yield, 1Y 59% and 46% for pathway 1 and 2,
respectively). The oxidation of the enzyme before its
immobilization on agarose-NH, permitted a good
retention in activity (I'Y 85%). The addition of carbo-
diimide (EDC) gave only a dlight decrease in immo-
bilization yield. The main reactions which maybe
involved are shown in Fig. 3. The first reaction
involved is the oxidation of the sugar chains bound
to the enzyme, with consequent formation of ade-
hyde groups [39,40]. These groups are capable of
reacting with the amine groups (Schiff bases) present
on the surface of the matrix, and probably also on
that of the enzyme itself, via inter- and intra-mol ecu-
lar reactions. In pathway 1, the double bonds of the
Schiff bases are reduced to single bonds, and the
aldehyde groups, if any are free, are reduced to
alcoholic ones. The addition of EDC in pathway 2
permits the formation of additional covalent bonds
between the free amine groups of the support and the
carboxylic ones of the enzyme [41]; this does not
exclude other collateral reactions, such as cross-
linking [42,43]. Such a model permits several hy-
potheses to be put forward for the interpretation of
the previous results.

The enzyme molecules tend to orient themselves
with the oxidized side sugar chains facing towards
the surface of the matrix, in such a way as to favour
the formation of the Schiff bases. This could ‘ freeze’
the enzyme molecules in a favourable orientation
with the carbohydrate chainsthat act as ‘ pads’ (spacer
arm), protecting the enzyme protein structure from
conformational distortions induced by contact with
the support [44,45].

These hypotheses seem to be confirmed by the
lower immobilization yield (60%) obtained by the
direct adsorption of the non-oxidized enzyme on the
aminate agarose. In this case the protective shield
effect given by the sugar chains could be reduced
[46-48]. The immobilization was guided by the elec-
trostatic interactions between the negatively charged
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Fig. 3. Immobilization of BG according to method A and pathways 1 and 2. Main reactions are enclosed in boxes.

enzyme (pl 4.0) [46] and the positively charged
amine gel (pK, = 6.3) with a possible involvement
of the carboxylic groups of the active site [49].

The addition of EDC in immobilization pathway 2
(Fig. 3), increases the number of covalent bonds for

each immobilized enzyme molecule, thus causing an 2.

increase in the rigidity of the secondary and tertiary
structure of the enzyme protein. This could lead to

1. involvement of the carboxylic groups of the en-

the surface of the biocatalyst probably causes an
increase in the concentration of OH™ in the en-
zyme microenvironment. The enzyme is therefore
affected by a pH higher than that of the surround-
ing solution [53];

an optimum temperature of 72°C and 75°C for
pathways 1 and 2 respectively, compared to that

zyme active site, reduction in the enzyme diffu- 100 “ree

sion rate, reduction in the conformational adapt- 504 ~immobilized (pathway 2)

ability to the substrate [49], and consequently in —

immobilization yields; € o
2. a decrease in the irreversible unfolding rate and ?

consequently, a simultaneous increase in stability E 404

[50-52]. <

20

As compared to the free enzyme, the immobilized

B-glucosidase show 0 » : ‘ :
3 4 5 6 7 8

1. an optimum pH lower than 0.5, with amost the pH

same trends for both immobilized enzymes (Fig. Fig. 4. Activity of the free and immobilized BG (pathway 2) as

4). The presence of aminic and amidic groups on function of pH at 25°C.
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Fig. 5. Stability of the free and immobilized BG method, as
relative (a) and logarithmic (b) activity at pH 4.0 and 53°C.

of 70°C for the free enzyme. The covalent and
non-covalent bonds between the enzyme and the
matrix may, in fact, reduce the degrees of free-
dom of the protein molecular structure of the
enzyme, thus protecting it from denaturation
caused by high temperature [53];

3. an increase in stability values, with a good in-
crease in residua activities (22% after 24h of
storage) for pathway 2 in comparison to pathway
1 (Fig. 5a). From the linear plot of the stability
data (Fig. 5b) the following increasing order for
the inactivation constants (K;,,) were determinate:
pathway 2 (7.6 X 1073h™1), pathway 1(2.0 X
1072h71), and free enzyme (3.9 X 1072 h™1).
Particularly pathway 2, with the addition of EDC,
stabilized better BG. Probably higher density of
bonds between the enzyme and the support, due
to the crosslinking reactions, reduces the degrees
of freedom of the enzyme conformation and con-
sequently the unfolding rate.

4. Conclusions

B-glucosidase immobilization via oxidation of its
carbohydrate chains and reaction on amine agarose
gel appears to be a suitable technique; in fact, the
immobilized enzyme exhibits quite high immobiliza-
tion yields and residual activity levels.

Further activation of the biocatalyst with carbo-
diimide, which increases the density of the covalent
bonds for each immobilized enzyme molecule, only
dlightly affects activity, while considerably enhanc-
ing its stability over time.

In our opinion, this immobilization methodology
could be tested on other glycosidases, such as a-L-
arabinofuranosidase and o-L -rhamnopyranosidase,
that contain carbohydrate chains [54—58].
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