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ABSTRACT

The retention activities of invertase cnzyme (E.C3.2126, p-D-
fructofuranosidase) from baker's yeast after immobilization on different supports,
Le. sand, chitin, concanavalin A-scpharose and cyanogen bromide-activated
sepharose were delermined. The efficiency loading capacity of immobilized
invertase forms was 72%, 65.2%. X8.8% and 93.3% for the above-mentioned
supports, respectively,

The optimum pH values were 4.8, 51, and 4.5 for free enzyme,
immobilized enzyme with Con A-scpharose and CNBr-activated sepharose,
respectively, While, the optimum temperature for immobilized forms was 50°C
and 45°C for free fonmn,

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

The free enzyme showed K, value equalled 4.0 mM which increased
afler immobilizalion to 8.0 mM and 14.0 mM for Con A-invertase and CNBr-
activated sepharose cnzyme complexcs.

The bio-canversion percentages of sucrose with free and immobilized
vertase on sand, chitin, concanavlin-A sepharose and cyanogen bromide-
activaled sepharose were 52.9, 534, 57.3. 61.2 and 56.2%, respectively. CNBr-
activated sepharose invertase complex can be reused 100 times with loss 9 3% of
i15 native activity, bul Con A-sepharose invertase complex lost 8 2% afier 7
cycles. While, sand-enzyme complex and clitin-enzyme complex lost 29.6% and
23.73% of its initial activily after 5 cycles.
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Inveriase cuEyme (B.C. 3.2.1.26, f\-D-fnmmi'ammsi:me} catalyses Lhe
hydrolysis of sucrose to produce the invert syrup. The industrial use of
immobilized enzyme technology  improved the development of various
immobilization methods cither by adsorption, entrapment, cross-linking and
covalent binding (Mosbach, 1988).

Immobilized enzymes are of particular imporiance in this area because
they can be readily separated from reaction products and depending on stability,
can be revsed several {imes (Lee and Huang, 1993).

yelo and Dsonza (1992) studied the {mmuobilizalion of inveriase by
covalently coupled to Oelnim basilicum seeds through its carbohydrate moiety.
They found that the retention of considerably higher amounts of emzyme activity.
Also, the immobilized prepatation can be used repeatedly for the hydrolysis of

sucrose syrups in a batch process without loss in activity.

Kotwal and Shankar (1997) used mMAcroporous crosslinked polystyrenc
anion-exchange resin Indian 48-R for the immobilization of crude extrmccliular
invenase from Sclerofium rolfsii. The immobilized engyme retained T0-80% of
the activity from solublc enzyie. mmobilization decreased {ve optimum pH and
tempemture but improved the heat stability. Conjugated invertase showed a 1wo
and sevenfold increase in the g and Vi respectively. Morcover, bath soluble
and immobilized forms showed inhibition at high substrate concenirations. The
bound cnsyme showed more stability to repeatad use and retpined 90% of ils
initial activity afler 8 cycles of use in standard conditions.

vrabel ef al. (1997) used different supporns for the immobilization ol
{nvertase from baker's yeast 10 the purpose of refining the mechanism of
inactivation of free enzyme. The immobilization techiniques were biospecific
adsorption on a concanavalin A/bead cellulose matrix; covalent coupling on an
activated bead cellulose matrix and crosslinking of cach of these preparations
with glutaraldehyde. The bi ifically adsorbed inyertase on ihe concanavalin
h-bwdm!luhwmuixmaﬂwimmrapmuﬂhnmmldbua
convenient model of free enzyme.

Akgol ef @l (2001) used magnetic polyvinylaicohol (PVAL)
microspheres for the immeobilization of invertase enzyme by covalent bonding
through the amino group and crosslinking with glutaraldehyde. They found that
{he retained activity of {he immobilized invertase was 74%. The K, value for
immobilized ioverlase (55 mM sucrose) was higher than that of the free enzyme
(24 mM gucrose), whereas Vo, values were gmaller for the immobilized
invertasc. The optmumopmunml temperature for immobilized form was higher
than that of the Soluble enzyme. Thermal and stomEe stabilitics were found 10
increase with immobilized preparations.

Neubert ef al. (002) pﬂ'n'lﬁﬂbiﬁmd cell suspension culture  of
Exchscholizia californica by Tween 20 or B0, {hen immobilized by
glutaraldeyde. They found that the highest invertase activity was at pH 4.5 and



Kinetic Parameters & Stability Of Immobilized Inventase....... 1651

50°C. The cells had high invertase activity and a good stability. The hydrolysis of
the substrate was linear for 5 h reaching 60% conversion,

The present investigation was carried out to elucidate the effect of
immobilization on the stability and kinetic parameters of inverase enzyme.
Various supports have been used 1o immobilize invertase i.e. sand, chitin,
concanavalin A-sephorase (Con-A-S) and coupling with cyamogen bromide-
activated sepharase, Since these parameters are vey important for the industnial
process from the economical point of view.

MATERIALS AND METHODS

1. Invertase enzyme (E.C.3.2.1.26, f-D-fructofuranosidase):

Inverase enzyme (prade VI from bakers yeast) was purchased from
Sigma Chemical Co., The obtained emzyme was immobilized on diffcrent
supporls ie. sand, chitin, concavalin A-sepharose and cyanogen bromide-
activated sepharose 4 B according (o the methods described by Brotherton et al
(1976), Synowicki ef al. (1981), Vebel et al. (1997) and Shahid «f al (1996),
respectively.,

Sucrose, D(+) pglucose, as standards and the buffer components (sodium
acclate and acelic acid) were oblained from Sigma Chemical Co. (5. Lowis, MO).
Con-A-Sepharose, cyanogen bromide-activated  sepharose, chitin  and
glutaraldehyde  (25%) were supplied from the products of Koch-Light
{Colubrook, Bucks, England). Other chemicals and reapents were analviical
grade,

1, Enzyme assays:

The activity of free and insoluble enzyme preparations was determined
by the procedure described by Virabel et all (1997), Protein concentrations were
estimated according to the method of Hradford (1976), The resuiting reducing
sugars (as glucose) were determined by the method described by Somogy (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 io
the method described by Wiseman (1985),

3. Kinetic parameters of free and immaebilized invertase preparations:

The different parameters which affect on the enzyme activity were
determined in order 1o evaluate insoluble engyme preparations ic. pH,
temperature and substrale concentration. The cueymalic reaclions were incubated
for 20 min al optimum pH and tempersiure value for cach eneyme forms. The
resultant reducing sugars were measurcd according to the method described
before.
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4, Fiffect of incubation periods om the enzymatic hydrolysis of sucrose:

The enzymalic hydrolysis of sucrose (0146 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 (he resulting reducing sugars were measured by
the method described belore,

5, Effect of recycles on the activity of immobilized invertase:
The relative activity of each preparations of immobilized invertase forms
was assayed under standard condilions after 10 cycles with repeated washing.

RESULTS AND DISCUSSION

In the present work, the atlempts for inamobilization of invertase eneyme
{p-D-fructofuranosidase, E.C. 3.2.1.26) will be discussed, Various immobilization
jechniques and different supports, i.e. sand. chitin, concanavalin A-sepharose and
CNBr-activated sepharose were used in order to find the optimal convenicit
method and support for this enzyme under investigation.

1. Effects of immobilization on the inverfase enzyme:

The activities of immobilized inveriase on the above-mentioned support
materials were determined, The quantity of the enzyme bounded 1o each support
besides that, the retention activity after immeobilization has to be considercd in
comparing  such supporting ma i The data for the cfficiency of
immobilization were illustrated in Table (1). The highest efficicncy loading
capacity of immobilized form was found with cyanogen bromide-activaied
sepharose (CNBr-activated sepharose), since the support was bounded with large
amount of enzyme added and the enzyme coupling was sirong enough o prevenl
dissociation. The retention activity was found to be 93.3% of its nalive activity
for CNBr-activated sepharose form. This result may be due to (hat CNBr-
activated complexes are porous and aclive sites of cnzymes arc quite accessible 1o
the substrates leading to the relatively high cffectiveness factor values. Such
explanation was introduced by Vrabel ef al (1997). The lowest yield of
immobilization (65.29%) was obscrved for the adsorption of invertase on
alkylamine chitin. On the other hand, the biospecific adsorption of invertase on
concanavalin A-sepharosc (Con A-5) gave a yield with retention activity of
98.8% Also, the activated sand as solid support yield a retention activity
equalied 72.0%. The efficicncy steadily decreascd with increase of the enzyme
load. The decrement in the efficiency ut higher enzyme load can be correlated to
overcrowding of the enzyme on the matrix as therc was a decrease in the specific
activity of the bound enzyme (Kotwal and Shankar, 1997), While, the decrease in
{he retention activily of immobilized invertase on sand and chitin might be
aitributed to weakness bounded because the attachment of enzyme on activated
mljdsuppondcpmd\ﬂnnmcdlsphyamafsurfauu size of the support and
types of attachment bonds of canse diffusion limitations which markedly decrease
the observed cnzyme activity. Such conclusions was explained by Melo and
Dsouza (1992).
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‘Table (1): Retention activities of preparations immobilized invertase cnzyme
on different supports:

Supports | Actlvity of invertuse enzyme (p mole/I/min.)
ad In Adserption ar ET Relention
eoupling with factor activity
Adlded | Froteln | wash- suppors fepined (DVA) 3

W | mghal ; Theorvtical | Actanl | goas 1060%
(A-B)=C n
Sand 2972 790 [ 7500 2222 [21330] 963 T2.0
Chitin 2972 | 790 [4167] 2555 19375] 758 65.2
Con A- :
sepharose 297__2 790 | 2500 2722 |263%0| 970 BRE
CNEr-
activated | 3722 | 11.85 | 2200 | 3502 | 34880 | 996 9313
sepharose

2. Evaluation of free and immobilized invertase preparations with different
supports:
There are several factors influence on the cizyme activity and reaction
velocity of free and inmobilized invertase on Con A-sepharose and CNBr-
activated sepharose were measured.

The pH activily 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-sepharose and CNBr-activated seplurose
were 4.8, 5.1 and 4.5, respeclively. This shift can be correlated to the polycationic
tature 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 supporis,

CNBr-activated
Uik Con A-scpharose 5
pli Frec enzyme X y comples sepharose imvertase
value R&* | R&" R&® -
aumbend ty o

Acthity ovmslemd
Lamalelt pirvodeT Arvaley P purmoderT S irholeit: ke i
6 1152778 | 7639 | 138R8Y | 6944 | 116667 | 5833
| 4.0 | 166667 | 8333 | 1500.00 | 75.00 | l4d44.44 | 7223
42 1172222 | 8611 | 1610111 8056 | 1722.22 | 8611
4.5 1194444 | 9722 | 169444 | 8472 | 213889 | 10694
48 12053.56 | 102.78 | 180556 [ 9028 | 208333 | 104.17
S )| 163889 | B1.94 | I861.11 | 9306 | 195225 | 976l
5.3 | 147222 | 7361 | 141667 | 7083 [ 175000 | %7.50
56 | 136111 | 6806 | 130556 | 6528 1390,00 | 69.50

R.5.* = Reducing sugars (as glucose).
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Fig. (1): Effect of plI 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 studicd by carrying out (he thzyme assay at the desired
emperature. The Con A-inveriase and  CNBr=activated sepharose  invertase
complexes exhibited a retain Brealer 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 diffevent supports,

| Con A-sepharose CNBractivated
gg __..l"rtemzyme invertase samplc: sepha:::: II:‘:""'
EE T [ =
el HimoleLin Jroled
30 [ 983.00 | 4935 | 42000
| 35 [ 102778 | 5139 | 55556
0 [ 138889 | 6944 | w3333 |
45 [ 208333 | 10407 [ liec67
| 50 | 9454 [ 9722 175000
| S5 | 1777.78 | 889 | 1s00.00 I
0 | 152778 ’ 7639 | 138889 | 60,
65 | 125000 | az.50 | 13060 |61
| 70 [ 922 | 4861 | 119020

RS * = Reducing sugars (as glicose).
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Fig. (2): Effect of temperature on the activity of free and immobilizced of
invertase enzyme,

The superior temperature stability of the bound enzyme indicates the
tigidity of the enzyme structure in the bound form. These dala are in agreemenl
with those reporied by Akgol e al. (2001) and Neubert ef al. (2002),

However, immobilization caused an increase in the stability of
immobilized invertase enzyme, compared to its soluble counterpart, The obtained
results are shown in Table (4) and illustrated in Fig (3). The bound enzyme with
sand, chitin, Con A-scpharose amd CNBr-activied sepharose showed a high
stability if comparcd to ts soluble enzyme. The retention activities of
immaobilized forms were 85,25, 80,65, 88,12 and 91.15%, respectively  with
above-mentioned supports at 4°C for 21 days storage period. The increment
stability of imumobilized forms if compared with free form may be duc (o changes
in the conformation that would lead these preparations were more useful towards
the inactivation behavior of free cnzyme. Such explanation was introduced by
Viable et al. (1997).

3. Kinctics of free and immobilized invertase with Con A-scpharose and
CNBr-activated sepharose:

The rate of the reaction velocity of free and prepared inunobilized
invertase enzyme on Con A-sepharose and CNBr-activated scpharose was sticlied
Al different substrate concenirations as described before The data are shown in
Table (5} and Fig (4a & b). From these results, the maximum reaction velocity
(Vreay) was found to be 2500.00 pmM glucose/L and Michales constant (K} was
4.0 mM for free form. On the other hand, these values of Vo and K, were
2277 8 pmM glucose/L, 8.0 mM for Con A-inveriase complex and 2666, 7 pmh
glucose/L and 14.0 mM for CNBr-activaied sepharose cozyme complex. It is
clear that the K, values for immobilized forms were higher than that obtained for
free form, which simply means a less affinity of the enzyme matrix to the
substrate had been ocourred,
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Table (4): Stability of free and immobilized invertase on different supporis at 4°C,

Fig. (3): Stability of free and immobilized invertase at 4°C.

Type of Activity or relative activity (%) §E mole/Limin)
supports | Time of storage (il :
0 1 2 3 4 ‘J 14 21
Free 22143 | 208.67 | 20227 | 19762 | 18243 | 17403 | 164.28 | 159.76
eneyme oo | 9425 | 9136 | %926 | 8240 | 7865 | 7420 | 7216
Adioried 213.90 | 213.89 | 208.33 EUS.SG._ 19722 | 18440 | 18417 | 18235
onswnd | yone | 9vg9 | 9740 | 9600 | 9220 | 8621 | se.10 | %525
Adsochied 1938 | 191,70 | 18753 : 1.85.65 177.78 | 16940 | 163.08 | 156.30
on chitin | o | 9891 | 9780 | 9579 | 9173 | 8741 | 8415 | s0es
Con A- 26090 | 26333 | 260,11 | 25825 | 24522 | 236,67 | 235,53 | 232.55
sepharose |—— = - -]
eRiyme 100% | 9978 | 9906 | 9786 | 9292 | 89.68 | 89.25 | RR.I2
cnmplel
CNBr- 186,10 | I185.00 | 18333 | 18275 | 1772.78 | 17225 | 171.40 | 169.63
Ses 0P | 9941 | 9851 | 9820 | 9553 | w256 | 9210 | 9115
complex
—O—Free 'lmz:rmn
—8— Adsorbed on gand
—— Adsorbad on chitin
—#—Con A-sepharose enzyme compliex
—#—CNBr-activated enzyme complex |
1
=3 !
i
f
2 fF
§ |
50 . . i
o, & 10 16 20 a5
Time of storage [days]
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Table (5): Effect of substrate concentration on the reaction veloeity of free
and immabilized invertase on different supports.
Free enzyme Immobilizex form Tmmobilized form

& on Con A-sepharose | on CNBr-activated
3 L7s) | e
¥ Olduined | Reoction | UV | Obtanat | Reaction r IV | Obtsisel | Reaion | 1V
of s~ wrlnity T ol TLS* Vielahiy wRA" ek iy X
J [) W 11, [ 1 | gy i) 1t
O.Iml 1994.44 (178571 | 560 1333.33 | 126544 790 | 16667 | 111113 | 200

A S5 ]
LS50 r 216667 | 208333 | 480 | 1638.89 | 159120 [6.28 1416.67 | 1568 65
0033 | 230556 (220589 |4.53| 1861.11 | 175870 | 564 1654.44 | 181820

0028 | 25000 | 227273 [ 440 | 205556 | 1856.50 El_msg 157533 | 506
0020 | 20889 | 230431 | 432 2104 | 192055 521 2305.56 | 208336 | 450
QOI7 | 1972.22 | 234375 [427( 207778 196571 | 509 | 247222 | 216219 462
0014 | 143333 | 2364 86 423 222222 | 19993 | 500 260667 | 22225 [ 450
0013 | 1555.56 | 238095 | 420 zxm&s'm.w 494 233333 226953 |41
o1t | 130556 | 239362 | 4.1 152778 | 2454 489 | 216667 | 230772 | 433
R5*= Reducing sugars (as plucose).

637

!‘s B 'é'ls

0
0

B
9

[Foeemayme B

I
|+ Con A-sepharose enzyme complex
| | —#— CNBr-activated sepharose enzyme comphi| |

L ' [S1 (mM)

Fig. (4a): Effect of substrate concentration on the reaction velocity of free
and immobilized invertase.
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V] = 104

012 0.08 o404 0 0.04 0.08 012
11[s]

Fig. (4b): Lincweaver-Burk plots of free and immobilized invertase.

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

4, Effect of incubation periods on the enzymatic hydrolysis of sucrose with
free and immobilized forms:

The bicconversion of sucrose to its monomers with free and
immobilized invertase on different supports was determined and the oblained
results are tabulated in Table (6) and Fig (5). From these daia, the yield of
reducing sugars (as glucose) was increased with increasing incubation time but the
enzyme nctivity was decreased. This may be due to the same observation which
was described with numerous investigators before (Kotwal and Shankar, 1997
and Akgol ef af., 2001). On the other hand, the maximum conversion percentapges
of sucrose were 52.9, 53.4, 57.3, 61.2% for soluble and inveriase complexs with
sand, chitin and Con A-sepharose, respectively after incubation period for 30 min,
While, CNBr-activated sepharose enzyme complex reached ils 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 inveriase
forms with different supporis was assayed under standard conditions afler 10
cycles with repeated washing is shown in Table (7) and Fig. (6). The oblained
results indicated that the bound enzyme with cyanogen bromide-activated
sepharose gave the highest stabilitv value to repeated and retained relative activity
approximately 90.7% of lis original activity afler 10 times of use. However, the
immobilized invertase on sand and chitin showed the lowest refention rclative
activities i.e. 41.81 and 37.49% after 10 cycles. But, Con A-sepharose inverlase
complex lost only 1946 1% of its relative activity after 10 cycles of restability,
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—— Fraa encyme —— m-mzm complex |
—a&— Chitin-enzyme complex —u— Con A-Sepharose enryn
—u— CNBr-activated sepharose enzyme complax
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Fig. (5% Effect of incubation periods on the enzymatic hydrolysis of sucrose
with free and immaobilized invertase forms

Table (7): Reuse of immobilized invertase on different supporis.

Sand Chitin Con A- CNDr-

. sepharose sepharose
Actbity | Mebsive | Acthity | Relative | Actvity | Redaive | Acivity | Relative

ko) | activity | jamcloly | otivily | pmoled | aclivily judel ) | actiity
il (%) il (%) min (%) i ()

21350 00 | 19380 | 100 | 26350 | 100 | 37220 | 10

21244 | 9932 | 19933 | 9921 | 26361 | 9989 | 37116 | 99.72

206.11 | 9636 | 18789 | 9695 | 26335 | 9979 | 36632 | 98.42

120 | 8086 | 18636 | Y616 | 26166 | 9915 | 36591 | SR3I

qu_Emwm

4 17833 | %337 | 16085 | 8352 | 25638 | 9787 | 36438 | Y70

§ 15056 | 7039 | 14394 | 7427 | 24986 | H.68 | 35809 | 96.2)

6 13667 | 6380 | 12773 | €591 | 24369 | 9234 | 35452 | 9525

7 12556 | 58 | 10128 | 5226 | 24229 | 9181 | 35050 | 94.07

B 12278 | 5740 | 471 4887 | 23189 | RTRT | 34689 | 93.20

9 12000 | 56.10 | 8093 | 4176 | 21616 | 8191 | 34332 | 9220

10 go44 | 4181 | 7265 | 3749 | 21215 | 8039 | 33759 | W0
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Fig. (6): Reuse of immobilized invertase on different SUppPorts.

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 immebilized invertase retained about 90% of its activity after 8 cycles

From the obtained results it can be concluded that the activity and
stability of invertase immobilize on nature supports like sand and chitin were
found to 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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