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ABSTRACT

B-Glucosidase (B-D-glucoside glucohydrolase) was tmmobilized by
encapsulating in calcium alginate gel beads and the kinetic parameters of
immobilized form were determined. The retention activity of bound enzyme was
80.4% of the soluble form at 4% (W/V) sodium alginate. The optimum pH was
4.8 for immobilized enzyme compared with frec enzyme (pH 4.5). the optimum
temperature for immobilized form reached 50°C. Glucose inhibited free and
immobilized forms of A-glucosidase and this inhibition increase with increasing
glucose concentration and the enzyme activities decreased (0 59 3% and 67 8%
of its original values for immobilized and free enzyme. respectively

The effect of substrate concentration on reaction velocity of enzyme
pointed out that V. and K, for immobilized form were 13%. 1 mM and 1.80
mM in absence of glucose. While these values for soluble enzyme were 201.0
mM. 045 mM in absence of glucose. On the other hand, K, of free and
immobilized enzyme were 0.30 mM, and 1.30 mM, respectively. Reusability of
immobilized form lost 29.8% of its original immobilized activity after 7 times.

INTRODUCTION

B-Glucosidase (&-D-glucoside glucohydrolase, E.C.3.2.121) is an
important enzyme for its role in the hydrolysis of cellobiose (o glucose.
Immobilization of &-glucosidase would allow its recovery and capability of reuse
of this enzyme. In addition, the immobilization of t-glucosidase enzyme may
solve to a great extent the abovementional problem of the produced glucose
during the enzymatic attack. Consequently, immobilization 1s considered as a
practical economic improvement (Sundstrom. ¢r al.. 1981).

Woodward and Arnold (1981) studied the inhibition of free [-
glucosidase activity by isomers of glucose using cellobiose (10 mM) as substrate
They found that at pH 4.8 the enzymatic hydrolysis was inhibited competitively
by glucose (o- and B-anomers) with K, value equalled 0.5 mM. The inhibitition
percent reached to 49% and 27% for «- and f-anomers of glucose. respectively.
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Rao. er al. (1983) immobilized B-glucosidase enzyme on polyamide as an
inexpensive support. Thev found that K, and V,,, of soluble and immobilized
form  were (20 mM, 04 pmoles/min/mg) and (0.40 mM. 016 4
moles/min/mg)with cellobiose as substrate

Jain and Ghose (1984) studied the kinctic constant of free and
immobilized f-glucosidase by entrapment in calcium alginate gel beads. They
found that Michaelis constant (K.}, maximum reaction velocity (V,..). and the
mhibition constant (K,) were (1218 mM. 1.33 pmoles/min/mg. and 1.72 mM)
and 31.0mM, 1.05 pmoles/min/gm. and 2.20 mM) for free and immobilized
forms, respectively.

Kantham and Jaannathan (1985) evaluated the kinetic constant of 3-D-
glucosidase from Penicillium funiculosum. They found that (K,,). (V,.).and (K,
values were 2.0 107*M, 17 1umoles/min/gm, and 3.2x107° M, respectively.

Dekker (1986) studied the kinetic, inhibition, and stability properties of
a commercial B-D-glucosidase preparations from Aspergillus niger. He found
that the K, and (V,.,) values of enzyme preparation were S.63 mM and 33.74
pmoles/min/mg enzyme with cellobiose (S0mM) as substrate. Also. they found
that the inhibition constant (K,) was 3.0 mM and inhibition percentage reached
10 63% 1 the presence of 15% glucose.

Mitchell, er al, (1991) immobilized 8-D-glucosidase enzyme from
Aspergillus niger on ion exchange resin using glutaraldehyde as crosslinking.
They found that K, and V,,,, equalled to (5.6 mM, 33.7umoles/min/mg) for free
enzyme and 10.ImM, 117 pmoles/min/mg for immobilized forms.

The aim of the present work is to study the immobilization of 3-D-
glucosidase from Aspergillus niger by entrapment on Ca-alginate gel beads as an
inexpensive support. Also. kinetic behavior of free and immobilized form of f3-
D-glucosidase were evaluated, since these parameters are very important {rom
the industrial and economical point of view.

MATERIAL AND METHODS

1. 8-D-glucosidase enzyme (cellobiase. Novozvm 188, EC 32121 #-D-
glucosid glucohvdrolase) was supplied from NOVO Laboratories. (NC .
Danbury.  USA  Immobilized #-D-glucosidase enzymie was prepared on
calcium alginate gel beads (CAGB) according 1o the methods described by
Hahn-Hagerdal (1984). D (+) cellobiose and D (+) glucose sugars as
standards were purchased from Sigma chemical Co (st. Louis. MO)
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2. 1. Effect of Na- alginate concentration on preparations of immobilized B-
D-glucosidase enzyme:

Different concentrations of sodium algenate. ve. 1.2.3 and 4% were
used (0 1mmobilize G-D-glucosidase (55 units. 3.85 mg protein/ml). The
resulting thick sodium alginate-6 -glucosidasc suspension was pumped drop by
drop nto a surred 2% (w/v) calcium chlornde solution. The formed beads were
then filtered. washed. suspended in a 0.0S M acetate buffer (pH 4 8) and stored
at 4"C. The cffectiveness factor and retention activity of tmmobilized cnzyme
were calculated according to Woodward. (1985).

2. 2. Effect of pH and temperature on the activity of immobilized enzyme in
Ca-alginate gel:-

The effect of pH on the activity of immobthzed form were tested on
different pH values, te. 33,36.39.42 45 48 S1.54.57and 6.0 acetate
buffer. While. the effect of temperature on the activity of ummobilized form were
incubated at different temperatures, i.e. 303540455055, 60. 65 and 70°C
for 30 min. The activity of the enzvine was determined by micasuring the
resultant glucose using the glucose oxidase method as described by Keston
(1956)

2. 3. Kinetics of free and immobilized G-D-glucosidase with different
concentrations of glucose as an inhibitor:
Four concentrations of glucose i.c. 1. 2.5 and 10 mM 1n acetate buffer
(pH 4.8) were used in this experiment with differcnt concentrations of cellobiose
as substrate. te. 0.68 135 270, 540 and 10 mM. The enzymiatic reactions
were achieved with free and immobilized -D-glucosidase. The activity was
determined and expressed as reaction velocity. K,, and K, were obtained
1978)

|
Lineweaver-Burk technique (1954) were applied by plotung (-S)

h

: 1
against — where:
\%

1 , o

— = -———_ — 4+ —— (in absence of inhibttor) and
\Y I max (S) Vmax

B I

Km (1+ )

Ki 1 | :

= ——— + ———(in the presence of inhibitor). as
V Vmax (N) I max

mentioned by Plummer (1978).

2. 4. Effect of glucose concentration on the activity of free and immobilized
B3-D-glucosidase enzyme:

Different concentrations of glucose solutions. ie. 1, 2.5 and 10 mM in

acetate buffer (50 mM. pH 4.8) were used with cellobiose as a substrate

concentration (10 mM) in the same acetate buffer solution. Enzyme dilution of
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G- glucosidase enzyme (1:200: 0.77 mg protein/mb for freec cuzvimme and a
quantity of enzyme support-complex containing the same amount of protein
enzyme in the case of immobilized form was used in this experiment The
mixture of reaction was incubated for 30 min, at S0°C and pH 4 8 The resulting,
glucose  was colorimetrically determined by the glucose oxidase method as
described before.

2. 5. Reuse of immobilized enzyme:-

The reaction mixture of cellobiose (5 ml. 10 mM) and tiwmobilized -
D-glucosidase form (100 mg wet beads gel. 44 2 U) were incubated at 50°C for
20 min. The suspension was filtered and the residue washed with 10 ml of 0.05
m acetate buffer pH 4 8 The filtrate syrup was estimated for glucose. The
immobilized enzyme was resuspended in fresh substrate and the procedure
repeated.

RESULTS AND DISCUSSION

3.1. The effect of Na-alginate concentration on preparations of immobilized
B-glucosidase enzyme was studied and the results are shown in Table
1.

From these results the retention activity of 1mmobilized cnzyvme
increased progressively with the increase of sodiuni alginate. Effectivencess factor
and retention activity of immobilize B- glucosidase were 119.4% and 68 4%,
respectively at a concentration 2 %, (w/v) sodium alginate. On the other hand, at
4% (w/v) sodium alginate. the effectiveness factor and retention activity were
140 3% and 80.4% of the original enzyme activity.

Table (1): Effect of Na-alginate concentrations on preparations of
immobilized B-glucosidase enzyme.

Na- Activity (p mol glucose/min/ml | Effect
alginate Enzyme In washing Entrapped iveness | Reten.
added within Ca- | factor | tien
ration i activity
Alginate
(W/V) Units ‘::';;:'l' Units l;rn:‘:::\ lhh;;r(r/«\t Actual " “/1 » ml
L) ° 0 ‘0
Yo (A) s (B) N B)=C x ()" ol o
1 55 3 85 9.0 17 460 | 266 | 5783 | 4836
2 55 385 | 235 | 28 S | 376 [ 11937 | 6840 |
3 535 385 235 2.76 35 | 41y 133.02 | 76.20
4 55 385 | 235 | 268 | 315 | 442 [ra032 | o040

o Units refer to the amount of total activity contained in 1.0 ml enzyme
Units refer 1o the acuvity found in the total number of gel spheres produced
in the experiments.

U Activity of entrapped cnzyme (actual complex)
Effectiveness factor = _-_..*.,,,;,,,,.,H,B_pf_ ol e e o ——— x| 00
Activity of free enzyme - Activity loss in washing
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Activity of immobilized enzyme

Retention activity = <100

Activity of free enzyme
In general. the obtamed results indicate that - glucosidase enzyme was
immobilized on Ca-alginate gel. This concentration of Na-alginate 4% (w/v) is
in good agrecment with that stated by Jain and Ghose (1984) They mentioned
that ca-alginate revealed as a very effective support for (- glucosidasc
immobilization through encapsulated or covalent bonds between - glucosidasc
molecules prior to their entrapment.

3. 2. Thermal stability of native and immobilized form:-

The effect of incubation time on the relative activities of both native and
tmmobilized - glucosidase enzyme is shown in and Fig. (1) which indicated
that the immobilized enzyme retained most of its actvity (98.5%) after 4 hr at
50°C. On the other hand. the relative activity of native enzyme decreased (0
95.6% under the same conditions.

3. 3. Effect of pH on the activity of immobilized {- glucosidase in Ca-
alginate gel beads:-

The plot of pH values versus activity of immobilized enzyme may reveal
the change in optimum pH of immobilized enzyme 1 comparison with free
enzyme which had a pH optimum of 4.5 The immobilized cnzvme had a pH
optumum of 4 8 with maximum activity of 45 7 pwmoles glucose/ mun/100 mg wet
beads (Table 2 and Fig. 2). Our findings support the data reported by other
workers (Mattean and Saddler, 1982 and Dekker. 1986)

Table (2): Effect of pH on the activity of immobilized in Ca-alginate gel.

Activity (Units) pmol glucose/min
pH’s Native enzyme Immobilized enzyme
3.3 295 23.1
3.6 44.5 25,2
3.9 457 26.1
4.2 47.2 37.7
4.5 558 423
48 51.1 45.7
5.1 50.2 39.2
54 439 316
57 430 2800
60 417 B 2140 1

The differentiation i optimum  pH values of soluble and immobilized
cnzyme may be due to the conformation changes in the inunobilized enzyme
which occurred during  immobilization process. These results indicate the
tmportance of such acid media (pH 4.6-4.8) 1o fit the nature of the active site in
B~ glucosidase enzyme. Underkofter. ef af. (1965) stated that the formation of
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glucose from hquefied maltose and cellobiose at lower pH reduces colour
formation in the resulted glucose syrup and preventing microbial growth during
the long period.

3. 4. Effect of temperature:

The effect of temperature on the activity of immobihzed (- glucosidasce
- Ca-alginate gel beads are presented in Table (3) and Fig (3). The enzyme
activity increased with increasing temperature and reach its maximum value at
50°C and tend to decrease at higher temperature. Such values for optimun
temperature 1s 1n good agreement with that obtained by Jain and Ghose (1984).

Table (3): Effect of temperature on the activity of immobilized $-glucosidase
in Ca- alginate gel.

Activity (Units) pmol glucose/min |
Temperature’s C* Native enzyme Immobilized enzyme

30 41.9 27.3 |
35 42.6 29.6
40 48 8 30.4
45 50.0 361
50 55.8 39.6
55 46 8 28.0
60 39.4 203
65 201 186
70 16.2 132

3. 5. Effect of glucose concentration on the reaction activity of free and
immobilized B- glucosidase enzyme:-

The effect of glucose concentration on the reaction activity of {ree and
immobilized - glucosidase enzyme was studied and the results are illustrated in
Table (4) and Fig (4) The results indicate that glucose acts as an inhibitor for
free and immobilized B-D-glucosidase on calcium alginate gel beads and the
relative activity decreased with increasing glucose concentration to reach its
lowest value 1.e.. 67.8% and 59.3% of its original values of frec and immobilized
enzyme, respectively at 10 mM glucose concentration

The higher decrement in the activity of immobilized enzyme on calcium
alginate may be due to partially denaturation of protein enzyme during coupling
or leakage out of the gel matrix

The obtained results illustrate that the presence of glucose 1 the media
of reacuon inhibited the enzyme entrapped within calctum alginate 1o a great
extent than the soluble enzyme. This observation could be supported from the
fact that the presence of high concentration of glucose around the support can
bind glucose sugar on the support as reported by Woodward (1985)
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Table (4):
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Effect of glucose concentration on free and immobilized 8-
glucosidase activity.

Glucose Free enzyme _lmmobilized cnzyme
concen- | Glucose | Reaction | Relative | Glucose | Reaction | Relative
tration content | activity | activity | content activity | activity
mM mM/L pmol Yo mM/1 pmol Yo
G/min G/min ]
0 36.18 1005 | 10000 | 248% [ 691 100 00|
1 29.84 8.29 82.49 2300 642 92 91
2 28.49 7.92 78 81 21 SN 5.60 8104
5 26.87 147 74.33 1800 | 500 | 7236
|10 24.53 6.81 67.76 14.77 410 933

Generally, our results indicate that the soluble and tmmobilized 3-D-
glucosidase forms were inhubited by the addition of different concentration of
glucose to the media of reaction mixtures our data are in agreement with that
obtained by Jain and Ghose (1984) and Dekker (1986)

3. 6. Kinetics of
concentrations of glucose:-
The effect of substrate concentration on teaction activity of free and
immobilized B8-D-glucosidase enzyme in the presence different concentrations of
glucose i.e. 1. 2. 5 and 10 mM are shown in Tables (3. 6) and Fig (5.6)

free and immobtlized B-D-plucosidase with different

From these results the rate of reaction velociies increased progressively
with the increase of substrate concentration in absence of glucose in c:isc of tree
and immobilized forms The maximum velocities (V) were 201 0 mM/L for
free enzyme and 1381 mM/L for immobilized cusvime in calcium algimate gel
beads. While. in the presence of glucose the velocity decreased with the crease
of glucose councentration in the reaction muixture The maximurm velocities at
different concentrations of glucose (1. 2. 5 and 10 miM) were (168 3 mM. 1583
mM/L. 1493 mM/L and 1474 mM/L) for free ensyme While, the maximum
velocities in case of immobilized form on calcium alginate were 128 3 mM/L.
1199 mM/L. 1000 mM/L and 654 mM/L. respectively at 10 mM cellobrose as
substrate.

The differentiation in Vmax values tor tice and unmobthzed (-D-
Ca-alginate under the above conditions may be duc 1o the
the 1mmobilized which dunng
Limitation on substrate diftusion into and through the

glucosidase n
conformation changes 1n
immobilization and
supports (Woodward, 1985)

forms occured

K,, and K, were found to be 0.43 mM cellobiose and 030 mM glucose
for free enzyme and 1.8 mM cellobiose and 1.30 M glucose for immobilized
form in calcium alginate gel beads. The proportionally lower K, value for
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immobilized enzyme may be attributed 1o the binding of support 1o soluble
enzyme  which increase the affinity between the substrate and Ca-alginate-
enzyme complex. and hence lower K, can be observed. Lineweaver and Burk
plotts of frec and mmobilized 3-D-glucosidase on Ca-alginate in absence and
presence of glucose at the same abovemetioned concentrations are shown in
Figs. (5. 6). From the obtained results. it iy be observed that K, was affected
while V.. was constant which mecan that the inhibition is competitive type and
these arc i agreement with that reported by Woodward and Arnold (1981).
Dekker (1986). Mitchell. e al., (1991), ‘

A repolt of the slopes from the lineweaver-Burk were plotted versus
glucosc concentration 10 distinguish between the different types ol competitive
inhibition and as shown in and Fig. (7)) the slopes were not a linear line in case
of free and immobilized -D-glucosidase enzyme in calcium alginate beads. This
means  that the ihibition of these enzymes by glucose n partially competitive as
reported by others (Woodward and Wohlpart. 1982 and Dekker. 1986).

3.7. Reusability of B-glucosidase-alginate gel beads:-
The results shown in Table (7) indicated that. activity of immobilized
cnzyme after 7 times decreased by about 29 8% of its original levels

6 ——

wn

1 2 3 4

Glucose concentration mM

—&— Free enzyme —®8— Immobilized inCa-alginate

Fig (7): Replot of slops of lineweaver-Burk plot
versus glucose.
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Table (7): Reusability of immobilized B-glucosidase alginate gel beads.

No. of reuse Activity (umol glucose/min/100 mg beads
Initial 100
1 100
2 992 -
3 99.6
4 100.0
S 96.8
6 87.6
7 70.2
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