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ABSTRACT

The retention activities of invertase enzyme (E.C.3.2.1.26, B-D-
fructofuranosidase) from baker's yeast after immobilization on different supports,
i.e. sand, chitin, concanavalin A-sepharose and cyanogen bromide-activated
sepharose were determined. The efficiency loading capacity of immobilized
inveniase forms was 72%, 65.2%, 88.8% and 93.3% for the above-mentioned

suppors, respectively.

The optimum pH values were 4.8, 5.1, and 4.5 for free enzyme,
immobilized, enzyme with Con A-sepharose and CNBr-activated sepharose,
respectively. While, the optimum temperature for immobilized forms was 50°C
and 45°C for free form,

The immobilized enzyme forms showed a high stability when comgared
with its soluble enzyme afier storage at 4°C for 21 days.

The free enzyme showed K. yalue equalled 4.0 mM which increased
after immobilization to 8.0 mM and 14.0 mM for Con A-invertase and CNBr-
activated sepharose enzyme complexes.

The bio-conversion percentages of sucrose with free and immobilized
invertase on sand, chitin, concanaviin-A sepharose and cyanogens bromide-
activated sepharosec were 52.9, 53.4, 57.3, 61.2 and 56.2%, respectively. CNBr-
activated sepharose invertase complex can be reused 10 times with loss 9.3% of
its native activity, but Con A-sepharose invertase complex lost 8.2% after 7
cycles. While, sand-enzyme complex and chitin-enzyme complex lost 29.6% and
25.73% of its initial activity afier § cycles.

INTRODUCTION

The production of a liquid sugar solution from starch using enzymatic
process has resulted in an important impact on the sugar industry. Similar sugar
mixtures may be obtained from the hydrolysis of sucrose. This mixture containing
glucose, fructose and sucrose, did not show any crystallization problem when
compared with concentrated sucrose solutions (Monsan and Comber, 1984).
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Invertase enzyme (E.C. 3.2.1.26, -D-fructofuranosidase) catalyses the
hydrolysis of sucrose to prodiuce the invert syrup. The industrial use of
immobilized enzyme technology improved the development of various
immobilization methods either by adsorption, entrapment, cross-linking and
covalent binding (Mosbach, 1988).

Immobilized enzymes are of particular importance in this area because
they can be readily separated from reaction products and depending on stability,
can be reused several times (Lee and Huang, 1995).

Melo and Dsouza (1992) studied the immobilization of invertase by
covalently coupled to Ocimum basilicum seeds through its carbohydrate moiety.
They found that the retention of considerably higher amounts of enzyme activity.
Also, the immobilized preparation can be used repeatedly for the hydrolysis of
sucrose syrups in a batch process without loss in activity.

Kotwal and Shankar (1997) used macroporous crosstinked polystyrene
anion-cxchange resin Indian 48-R for the immobilization of crude extracellular
invertase from Sclerotivm rolfsii. The immobilized enzyme retained 76-80% of
the activity from soluble enzyme. Immobilization decreased the optimum pH and
temperature but improved the heat stability. Conjugated invertase showed a two
and sevenfold increase in the K, and V..., respectively. Moreover, both soluble
and immobilized forms showed inhibition at high substrate concentrations. The
bound enzyme showed more stability to repeated use and retained 90% of its
initial activity after 8 cycles of use in standard conditions.

Vrabel et al. (1997) used different supports for the immobilization of
invertase from baker's yeast 1o the purpose of refining the mechanism of
inactivation of free enzyme. The immobilization techniques were biospecific
adsorption cn a concanavalin A/bead cellulose matrix; covalent coupling on an
activated bead cellulose matrix and crosslinking of each of these preparations
with glutaraldehyde. The biospecifically adsorbed invertase on the concanavalin
A-bead cellulose matrix met all criteria for a preparation that should be a
convenient model of free enzyme.

Akgol er al. (2001) used magnetic polyvinylalcohol (PVAL)
microspheres for the immobilization of invertase enzyme by covalent bonding
through the amino group and crosslinking with glutaraldehyde. They found that
the retained activity of the immobilized invertase was 74%. The K, value for
immobilized invertase {55 mM sucrose) was higher than that of the free ¢cnzyme
(24 mM sucrose), whereas V... values were smaller for the immobilized
invertase. The optimum operational temperature for immobilized form was higher
than that of the soluble enzyme. Thermal and storage stabilities were found 1o
increase with immobilized preparations.

Neubert et al. (2002) permeabilized cell suspension culture of
Eschscholtzia californica by Tween 20 or 80, then immobilized by
glutaraldehyde. They found that the highest invertase activity was at pH 4.5 and
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50°C. The cells had high invertasc activity and a good stability. The hydrotysis of
the substrate was linear for § h reaching 60% conversion.

The present investigation was carried out to clucidate the effect of
immobilization on the stability and kinetic parameters of invertase enzyme.
Various supporis have been used to immobilize invertase i.e. sand, chitin,
concanavalin A-sephorase (Con-A-S) and coupling with cyanogen bromide-
activated sepharase. Since these parameters are vey important for the industrial
process from the economical point of view.

MATERIALS AND METHODS

L. Invertase enzyme (E.C.3.2.1.2,6, B-D-fructofuranosidasc):

Invertase enzyme (grade VII from bakers yeast) was purchased from
Sigma Chemical Co.. The obtained enzyme was immobilized on different
supports i.¢. sand, chitin, concavalin A-sepharose and cyanogen bromide-
activaled sepharose 4 B according to the methods described by Brotherton ef al.
(1976), Synowicki ef al. (1981), Vrabel et al. (1997) and Shahid er al. (1996),

respectively,

Sucrose, D(+) glucose, as standards, and the buffer components (sodium
acetate and acetic acid) were obtained from Sigma Chemical Co. (St. Louis, MO).
Con-A-Sepharose, cyanogen bromide-activated sepharose, chitin  and
glutaraldchyde (25%) were supplied from .the products of Koch-Light
{Colubrook, Bucks, England). Other chemicals and reagents were analytical
grade.

2, Enzyme assays:

The activity of free and insoluble enzyme preparations was determined
by the procedure described by Vrabel ef al. (1997). Protein concentrations were
estimated according to the method of Bradford (1976). The resulting reducing
sugars (as glucose) were determined by the method described by Somogyi (1952).
_Values shown in the Figures and Tables represent the average of at least two
experiments performed in duplicate.

Stability of free and immobilized invertase was evaluated according to
the method described by Wiseman (1985).

3. Kinpetic parameters of free and immobilized invertase preparations;

The different parameters which affect on the enzyme activity were
determined in order to cvaluate inspluble enzyme preparations ie. pH,
temperature and substrate concentration. The enzymatic reactions were incubated
for 20 min at optimum pH and temperature value for cach enzyme forms. The
resultant reducing sugars were measured according to the method described
before.
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4. Effect of incubation periods on the enzymatic hydrolysis of sucrose:

The enzymatic hydrolysis of sucrose (0.146 mole) with free and
immobilized invertase on different supports were determined under the optimum
conditions of each preparations cnzyme forms. The reaction mixtures were
incubated from 15 to 240 min and the resulting reducing sugars were measured by
the method described before,

5. Effcct of recycles on the activity of immebilized invertase:
The relative activity of cach preparations of immobilized invertase forms
was assayed under standard conditions after 10 cycies with repeated washing,

RESULTS AND DISCUSSION

In the present work, the atiempts for immobilization of invertase enzyme
(f-D-fructofuranosidase, E.C. 3.2.1.26) will be discussed. Various immobilization
techniques and different supports, i.c. sand, chitin, concanavalin A-sepharose and
CNBr-activated scpharose were used in order to find the optimal convenient
method and support for this enzyme under investigation.

1. Effects of immobilization on the invertase enzyme:

The activities of immobilized invertase on the above-mentioned support
materials were determined. The quantity of the enzyme bounded to each support
besides that, the retention activity after immobilization has to be considered in
comparing such supporting materials. The data for the efficiency of
immobilization were itlustrated in Table (1). The highest efficiency loading
capacity of immobilized form was found with cyanogen bromide-activated
sepharose (CNBr-activated sepharose), since the support was bounded with large
amount of enzyme added and the enzyme coupling was strong enough to prevent
dissociation. The retention activity was found 1o be 93.3% of its native activity
for CNBr-activated sepharose form. This result may be due to that CNBr-
activated complexes are porous and active sites of enzymes are quite accessible to
the substrates leading to the relatively high effectiveness factor values. Such
explanation was introduced by Vrabel ef al. (1997). The lowest yield of
immobilization (65.2%) was observed for the adsorption of invertase on
alkylamine chitin. On the other hand, the biospecific adsorption of invertase on
concanavalin A-sepharose (Con A-S) gave a yicld with retention activity of
83.8%. Also, the activated sand as a solid support yield a retention activity
equalled 72.0%. The efficiency steadily decreased with increase of the enzyme
lfoad. The decrement in the efficiency at higher enzyme load can be correlated to
overcrowding of the enzyme on the matrix as there was a decrease in the specific
activity of the bound enzyme (Kotwal and Shankar, 1997). While, the decrease in
the retention activity of immobilized invertase on sand and chitin might be
attributed to weakness bounded because the attachment of enzyme on activated
solid support depended on the display area of surface size of the support and
types of attachment bonds or cause diffusion limitations which markedly decrease
the observed enzyme acuwty Such conclusions was explained by Melo and
Dsouza (1992).
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Table (1): Retention activities of preparations immobilized invertage enzyme
on different supports:

Supports | Activity of laveriase casyme (s moleP )| Effective- | b oo
fa | ; with ey activity
Added | Protein | wash- “:':.'m factor IR 1
Ay | mymb | g T A ] el | 100%
®) (A-BY=C D
[ Sand 2972 | 790 | 7500 2222 |213.90| 96.3 72.0
Chitin 20721 790 |41.67| 2555 |193.95| 758 65.2
Con A-1,5751 790 |2500] 2722 [26390| 970 | 888
sepharose
CNBr- i
activated [ 37221 11.85 [ 2200 [ 13502 (34880] 996 93.3
sepharose

1. Evaluation of free and immobilized invertase preparations with different
supports;
There are several factors influence on the enzyme activity and reaction
velocity of free and immobilized invertase on Con A-sepharose¢ and CNBr-
activated scpharose were measured.

The pH activity profiles of soluble and immobilized forms has been
shown in Table (2) and Fig. (1). The optimum pH values of the soluble and
immobilized preparations on Con A-sepharosé and CNBr-activated sepharose
were 4.8, 5.1 and 4.5, respectively. This shift can be correlated to the polycationic
nature of the matrix. These results for optimum pH are slightly differentiations
with those reported by Melo and Dsouza (1992) and Kotwal and Shankar (1997).

Table (2): Effect of pH value on the activity of free and immobilized
invertase enzyme with different supports.

CNBr-activated

Con A-sepharoee
Fnieenzymc i . scpharose invertase
TR RS+ RS
value ¢ Act::uty Au:‘vity Au:ny
» M (o
mole, | molL/min | ey, | molLimin | oy, | mole/L/min

3.6 } 152778 76.39 1388.89 69.44 1166.67 | 58.33

4.0 | 1666.67 83.33 1500.00 75.00 144444 72.22

42 | 172222 86.11 1611.11 80.56 1722.22 86.11

4.5 | 1944.44 97.22 1694.44 84.72 213889 | 106.94
4.8 | 205556 102.78 1805.56 90.28 2083.33 104,17
S.1 ] 1638.89 81.94 1861.11 93.06 1952.25 97.61

53 | 147222 73.61 1416.67 70.83 1750.00 87.50

5.6 | 1361.11 68.06 1305.56 65.28 1390.00 69.50

R_S.* = Reducing sugars (as glucose). .




1654 Annals Of Agric. Sc., Moshtohor, Vol. 42(4), 2004

—@—Frae enzyme
=—{—Con A-sepharose invertase enzyme complex
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Fig. (1): Effect of pH value on the activity of free and immobilized invertase
enzyme,

The effect of temperature on the enzyme activity of invertase (free and
immobilized forms) was studied by carrying out the enzyme assay at the desired
temperature. The Con A-invertase and CNBr-activated sepharose invertase
complexes exhibited a retain greater activity at higher temperature (50°C) compared
with free enzyme (45°C) as shown in Table (3) and Fig. (2).

Table (3): Effect of temperature on the activity of free and immobilized
invertase enzyme with different supports.

Con A-sepharose CNBr-activated

L] .
o Free enzyme invertase complex sepharose invertase
e complex
gl RS- Activity RS> Activity RS* Activity

= ~| content p content n content M

umole/L | mole/L/min | pmole/L | mole/L/min | pmole/L | mole/L/min
30 | 985.00 49,25 429.00 21.45 647.00 32.35
35 | 1027.78 51.39 555.56 2778 708.34 3542
40 | 1388.89 69.44 833.33 4167 805.56 40.28
45 | 2083.33 104.17 1166.67 58.33 888 89 44.44
50 | 1944.44 97.22 1750.00 87.50 1266.67 63.33
55 | 177778 88.89 1500.00 75.00 1013.89 50.70
60 | 1527.78 76.39 1388.89 69.44 833.34 41.67
65 | 1250.00 62.50 1290.60 64.53 513.89 25.70
70 | 972.22 48.61 1196.20 59.54 416,67 20.83
R.5.* = Reducing sugars (as glucose).
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Fig. (2): Effect of temperature on the activity of free and immobitized of

invertase cnzyme.

Table (4): Stability of free and immobilized invertase on different supports at 4°C,

Type of Activity or relative activity (%6) {u mole/L/min)
supports Time of storage (days)
0 1 2 3 4 7 14 21

Free 22143 | 20867 | 20227} 19762 1 18243 | 174.13 | 16428 | 159.76
enzyme 100% | 9425 | 91.36 | 8926 | 8240 | 78.65 | 7420 | 72.16
Adsorbed | 213-50 | 213.89 | 20833 | 205.56 | 197.22 | 18440 | 184.17 | 18235
onsand | 10000 | 9900 | 9740 | 9610 | 9220 | 8621 | 8610 | 85.25
Adsorbed | 1938 | 19170 | 187.53 | 185.65 | 177.78 | 169.40 | 163.08 | 156.30
onchitin | 1000 | ogo1 | 9784 | 9570 | 9173 | 8741 | 8415 | 8065
Con A~ 26390 | 263.33 | 261.11 | 25825 | 24522 | 236.67 | 235.53 | 232.55
sepharose

enzyme 100% | 99.78 | 99.16 | 9786 | 9292 | 8968 | 89.25 | 88.12
complex

CNBr- 186.10 | 185.00 [ 183.33 | 18275 | 177.78 | 172.25 | 171.40 | 169.63
sactivated
enzyme 100% | 99.41 | 9851 | 9820 | 9553 | 9256 | 9210 | 91.15
complex
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Fig. (3): Stability of free and immobilized invertase at 4°C.

The superior temperature stability of the bound enzyme indicates the
rigidity of +he enzyme structure in th: bound form. These data are in agreement
with those reported by Akgol ef @/. (2001) and Neubert et al. (2002).

However, immobilization caused an incicase in e stability of
immobilized invertase enzyme, compared to its soluble counterpart. The obtained
resutlts are shown in Table (4) and illustrated in Fig (3). The bound enzyme with
sand, chitin, Con A-sepharose and CNBr-activied scpharose showsd a high
gtability if compared to its soluble ¢nzyme. The retention activities of
immobilized forms werc 85.25, 80.65, 88.12 and 91.15%, respectively with
zhove-mentioned supports at 4°C for 21 days storage period. The increment
stability of immobilized forms if compared with free fonin may be due to changes
in the conformation that would lead these preparations were morc uscful towards
*he inactivation behavior of frec enzyme. Such explanation was introduced by
Vrable et al. (1997).

3, Uiretics of free and {mmobilized invertase with Con A-sepharcse and
CNBr-activated sepharose:

The rate of the reaction velocity of free and prepared immcebilized
invertase enzyme on Con A-sepharose and CNBr-aclivaicd sepharose was studicd
at diffzront substrate concentrations as described before. The data wre showii i
Taklc £5) and Fig (4a & b). From these results, the maximun: reaction velocity
{V,.) was found to be 2500.00 ymM glucose/L. and Michales constant (K} was
4.0 w? for free form. On the other hand, these values of Vi, and K, were
2777 8 ymM glucose/L, 8.0 mM for Con A-inveriase complox and 2666.7 umhi
glucose/L and 14.0 mM for CNBr-activated sepharose enzyme complex. It is
clear that the ¥, values for immaohilized forms were higher than thai obtained for
free form, which simply means a less affinity of the cnzyme matrix to the
substrate had been occurred.
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Table (5): Effect of substrate concentration on the reaction velocity of free
and immobilized invertase on different supports.
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Fig. {4b): Lineweaver-Burk plots of free and immobilized invertase,

These observations may be due to the chemical nature of support
materials and diffusional resistances to the translocation of substrates and
products (Woodward, 1985). These values are in agreement with those reported
by Akgol et al. (2001).

4. Effect of incubation periods on the enzymatic hydrolysis of sucrose with
frec and immobilized forms:

The bicconversion of sucrose to its monomers with free and
immobilized invertase on different supports was determined and the obtaincd
results are tabulated in Table (6) and Fig. (5). From these data. the vield of
reducing sugars (as glucose) was increased with increasing incubation
time but the enzyme activity was decreased. This may be due to the same
obscrvation which was described with numerous investigators before (Kotwal and
Shankar, 1997 and Akgol et af., 2001). On the other hand, the maximum
conversion percentages of sucrose were 52.9, 53.4, 57.3, 61.2% for soluble and
invertase complexs with sand, chitin and Con A-sepharose, respectively after
incubation period for 30 mian. While, CNBr-activated sepharose enzyme complex
reached its maximum value i.e. 56.2% after 60 min,

5. Effect of number of assay cycles on the activity of immobilized invertase:
The residual activity (as relative activity %) of the immobilized invertase
forms with different supports was assayed under standard conditions after 10
cycles with repeated washing is shown in Table (7) and Fig. (6). The obtained
results indicated that the bound enzyme with cyanogen bromide-activated
scpharose gave the highest stability value to repeated and retained relative activity
approximately 90.7% of its original activity after 10 times of use. However, the
immobilized invertase on sand and chitin showed the lowest retention relative
activities i.e. 41.81 and 37.49 after 4 cycles. But, Con A-sepharose invertase
complex lost only 19-61% of its relative activity after 10 cycles of restability.



Table (6): Effect of incubation periods on the enzymatic hydrolysis of sucrose with free and immobilized invertase forms.

e Free enzyme 1 Sand-enzyme complex | Chitin-enzyme complex Con A-Sepharose CNBr-activated
- ‘ enzyme complex sepharose eazyme
£ complex
v & & ] = 3
85 T e g s % = E T v -2 £ K H g s H 3
58 3B B0 i |BiS)| B B i) RS | ialuis)ops | ds i3zl gl i
o E£23| £3 &8 | £2%| =% vt | g2 S 2 1 £33 25 s | E3 2% $ 8
E | E3S| FE | T |zEY| EE| BT |ERY| RE | iU |23l e | T izt i i
i ge E1c ge = el & ge el g e e 9 ge* L1 é
I5 255856 170.4 SL2 2272.2 | 5L 455 2192.2'F 146.1 419 28333 | 180.9 56.7 21833 | 1456 437
30 26389 87.9 §2.9 2666.7 88.9 3.4 1861.1 95.4 £73 3055.6 | 1019 61.2 23058.6 76.9 46.2
60 2583.3 431 5L.7 2500.9 41.7 50.0 4101 43.5 2.3 21500.0 41.7 50.0 2805.6 46.8 56.2
9% 23889 26.5 4738 2444.4 272 439 25000 | 278 500 23333 259 $6.7 | 236k.1 6.2 4713
120 23333 194 46.7 2250.0 18.8 45.1 23889 19.9 47.8 2277.8 19.0 45.6 22522 18.8 45.1
150 22222 14.8 44.5 21389 14.3 42.8 21389 143 42,9 2250 15.0 45.4 2181.1 14.5 43.7
180 1027.8 113 406 20556 1.2 412 20833 s 41.7 211 1.7 4.3 1994.4 () 399
244 1750.0 7.9 359 20278 8.5 40.6 2000.0 8.3 40.1 1944.4 8.1 389 15684.6 7.0 337

659"+ FSOUAN] PITIPGoRIU] JO) KGUIS P SsaunIDd TGty
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Fig. (5): Effect of incubation periods on the enzymatic hydrolysis of sucrose
with free and immobilized invertase forms

Table (7): Reuse of immobilized invertase on different supports.
Sand Chitin Con A- CNBr-
sepharose - sepharvee
Acvity | Relative | Achity | Rebive | 2™ | Raetive | 2™ | Retaiive
» acthvity » nctvity | B oty | B acivty
reckcLmin | (%) | molefimin | (%) | "N | oy | M| o)

213.90 100 193.80 100 126390 100 | 37220 100

21244 | 9932 19333 | 9921 | 26361 { 9989 | 371.16 | 99.72

20611 | 9636 | 18789 | 9695 | 26335 9979 | 36632 | 9842
19222 | 8986 | 18636 | 96.16 | 26166 | 99.15 | 36591 | 983!

17833 | 8337 | 16186 | 8352 ) 25828 ] 9787 | 36438 | 97.90

15056 | 7039 | 14394 | 7427 | 24986 | 9468 | 35809 96.21

13667 | 6389 | 127.73 | 6591 | 24369 | 9234 | 35452 9525

12556 | 5870 | 10128 | 5226 | 24229 9181 | 35050 | %.17

12278 | 5740 9471 4887 { 23189 | 8787 | 34689 | 93.20

-] -] ~3 o™ h L - ~ b E No dcym

12000 | 56.10 80.93 4176 | 21616 | 8191 | 34339 92.26

10 89.4 4181 72,65 3749 | 212,35 | 8039 | 33759} 90.70
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Fig. (6): Reuse of immobilized invertase on different supports.

The obtained data of Con-A scpharose, CNBr-activated sepharose
enzyme are closed with those reported by Kotwal and Shankar {1997) who found
that the immobilized invertase retained about 90% of its activity after 8 cycles.

From the obtaincd results it can be concluded that the activity and
stability of invertase immobilize on nature supports like sand and chitin were
found 1o be very satisfactory and this makes it possible to consider their industrial
use in the production of invert sugar syrups, despite the low cost incidence in
traditional hydrolysis using enzyme in solution.
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