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ABSTRACT

A maltooligosaccharide-forming amylase from B circulans GRS 313 was immobilized by entrapment in calcium
alginate beads. The immobilized activity was affected by the size of the bead and bead size of 2mm was found to be
most effective for hydrolysis. Kinetics constakis and V., were estimated and were found to be affected by the

bead size. The catalytic activity of the enzyme was studied in presence of various starchy residues and metal ions.
HgCl,, CuSO4 and FeGlcaused inhibition of the enzyme. The reaction conditipihk and temperaturewas

optimized using response surface methodology. At the optimum pH and temperature of 4°€ atha Zipparent

activity was 25.6U/g of beadesulting in almost 2-fold increase in activity. The immobilized enzyme showed a high
operational stability by retaining almost 85% of the initial activity after seventh use.

Keywords: Bacillus circulans GRS313; entrapment; maltooligosaccharide-forming amylase; response surface
methodology; starchy residues

INTRODUCTION immobilization of amylase (Strumeyer 1974,
Linko et al., 1975; Dumitrui et al., 1985; Emne’us
The application of maltooligosaccharide-forminget al., 1990; Zanin et al., 1994; Cong et al., 1995;
amylase in the baking industry is potentially veryKurakake et al., 1997; Aksoy et al., 1998; Chen et
interesting. It has been reported thatl., 1998; Tanyolac et al., 1998; Tien and Chiang
maltooligosaccharides stop bread firming and999). However, these covalent binding
increase the shelf life of the baked productéechniques involve chemical modification of the
(Hebeda, 1990; Dziezak 1991; Okada ang&nzyme. It is preferable that the method employed
Nakakuki, 1992). Focontinuous production of for immobilization of enzyme should cause as
maltooligosaccharides immobilizedamylase litle trauma to the enzyme as possible.
would have several advantages like eaigntrapment_ fulfills this — criterion.  Though
recovery of the biocatalyst from the finishe ntrapment is used mainly for immobilization of

duct imolifyi duct ificati cells, in case of immobilized cells, it causes
product,  Simplitylng — product - punification ¢ qional  and permeability problems which

process, providing opportunities for scaling-URyight impair the uptake and transport of substrate
and allowing the development of processegs el as excretion of products. In addition to this,
based different reactor configurations. A wide many other enzymes active in the whole cell might
variety of carriers have been used forlead to unwanted side reactions. Thus, in the
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present study an attempt was made to immobilizenmobilizedenzyme assay

a maltooligosaccharide-forming amylase byThe reaction mixture, containing 20 ml of 2%
entrapment as entrapping method leads téw/v) starch solution in acetate buffers (0.1 M, pH
immobilized biocatalyst with high retention of 4.5) and 2g of calcium alginate beads were
specific activity. incubated at 5 in a waterbath shaker. After the
Among the many matrices available, one of the@nzymatic reaction had proceeded for 10 min, 0.5
most frequently used is entrapmamithin porous ml of the digested products was assayed for
matrices, such as alginate often in the form ofmylase activity using DNS according to Bernfeld
beads. This sort of system is reasonably saf@)ethod (1955). One unit was defined as the
simple and cheap offering good mechanicahmount of amylase that produced pinole of
strength. The present study deals with the&educing sugar under assay condition per gram of
immobilization of maltooligosaccharide-forming bead.

amylase by entrapment in calcium alginate beads.

The conditions of entrapment like concentration oDetermination of immobilization efficiency

sodium alginate and bead size were optimized fdmmobilization efficiency was determined from
highest apparent activity. The kinetics of thethe difference in enzyme activity in the solution
immobilized enzyme entrapped in different beadefore and after the immobilization.

size was analyzed. The process parameters, pghimobilization yield (%) = (I/ A-B) x 100

and temperature, affecting the performance of theehere A = added enzyme (U/g of bead); B =
immobilized enzyme were optimized usingunbound enzyme (U/g of bead);

response surface methodology. Lastly, thé=immobilized enzyme (U/g of bead).

catalytic properties and reusability of the

immobilized enzyme were studied. Optimization of curing time of calcium alginate
beads
The calcium alginate beads were cured in 2%
MATERIALS AND METHODS (w/v) calcium alginate solution for different time
intervals of 30, 60, 90, 120, 150 and 180 min.
Materials After curing, the beads were washed thoroughly

Sodium alginate, calcium chloride and solublewith distilled water, wiped dry and their hardness
starch were obtained from E Merck, andwas measured using a Texture- analyzer (Stevens-
dinitrosalicylic acid (DNS) was purchased fromLFRA), L6512. The hardness of the beads was
Lancaster, England. All the other chemicals usedxpressed as the load (g force) that the beads could
were of analytical grade. withstand for 1milimeter compression.

Enzyme immobilization Determination of kinetic constants
Enzyme was prepared froBacillus circulans Kinetic experiments were carried out at°’G0in
GRS 313 cultivated at 40 with an initial pH of 0.1M acetate buffer pH 4.5 at different substrate
5.5 for 48 hrs in a medium described previousloncentrations. The kinetic constantsafd Viax
(Dey et al., 2000). An equal volume of enzymewere calculated according to Lineweaver-Burk
solution and sodium alginate solution was mixedglot.
to give a 4% (w/v) final concentration of sodium
alginate solution in the mixture. The mixture Optimization of amount of enzyme-immobilized
obtained was extruded dropwise through a pastubeads in the reaction medium
pipette (Imm diameter) into a gently stirred 2%Amylase activity with respect to amount of
(w/v) CaCh.2H,0 solution for 2 h to give bead immobilized beads in the reaction media was
size of 3mm. The calcium alginate beadsstudied by taking different weights of immobilized
containing the enzyme were thoroughly washetbeads starting from 1-6g along with the substrate
with distilled water and used for further studiesat pH 4.5 and temperature of’60
Beads of different sizes 5mm, 4mm and 2mm were
made by using pastuer pipettes of diameter 3mn@Qptimization of process conditions using response
2mm and 7m respectively. surface methodology (RSM)
RSM was used to optimize the reaction conditions
with reference to immobilized amylase activity.
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The experimental design was a central compositeroperties of immobilized enzyme

experimental plan (Box et al.,, 1957; Khuri andRate of hydrolysis of natural substrates

Cornell, 1987) with two factors: temperature of theA 2% (w/v) solution of different starchy substrates
reaction (%) and pH of the reaction medium X viz., wheat flour, barley, arrowroot, sago and
at five levels of ¥2, -1, 0, 12. Preliminary trials soluble starch were incubated with immobilized
enabled us to fix the range of the pH from 4.0 t&€nzyme beads at 7. 0.5 ml of the digested
4.9 and the temperature from°@3to 57C. The products was assayed for amylase activity after
variable levels Xwere coded as according to the regular time intervals.

following equation such that )corresponded to

the central value: Effect of metal ions on activity of the enzyme
To study the effect of various metal ions on the
xi= (Xi-Xo)/AXi,i=1,2,3,..k activity of immobilized amylase, the following

compounds were added individually in the enzyme
where xis the dimensionless value of an independen@ssay: CaG] BaCh, CoCh, FeCk, NaCl, HgC}
variable; Xis the real value of an independent variableand CuSQ
Xo is the real value of an independent variable at the
center point. Operational stabilityof the immobilized amylase
After each amylase activity assay of the beads,
AX;is the step change. In this study the I’Otatablﬁhey were removed, washed thoroughly with
experimental plan consisted of 12 trials. Thejistilled water and stored af@ Then the beads
results were modeled using a second ordefere reassayed for amylase activity and the same
polynomial equation: process was repeated till the seventh use.

Yi=Bo + ZBixi + ZPix” + 2 BiiXixX;
RESULTS AND DISCUSSION
where Y is the activity of the immobilized enzyme
which is regarded the predicted respongg;afe input
variables which influence the response variabl@Xs
the offset termf; is the ithlinear coefficient;; is the
ith quadratic coefficient andB; is ijth interaction
coefficient.

Optimization of parameters for immobilization on
alginate gel

a) Effect of sodium alginate concentration
It has been reported that the porosity of the

The value of the dependent response was the me?ﬁICIum alginate beads depend upon the alginate

of two replications. The second order polynomiafype and the gelling agent concentration (Longp et
coefficients were calculated using the MATLAB al.,' 1992). SO. various concentrations of s_,odlum
software (version 4, The Math Works Inc., MA alginate solution was used for preparation of

USA.). The results were analyzed using SYSTA’1calcium alginate beads in order to vary the relative

(8.0, HSS Inc. USA), a statistical packagedegree of crosslinking, which would create

i . ifferent pore size. The immobilization efficiency
Statistical analysis of the model was performed t8|' ) ,
evaluate the analysis of variance (ANOVA),Was found to be highest (75%) for a final

Fisher's F-test (overall model significance), jrConcentration of 4% (w/v) sodium alginate
solution (Fig. 1).

associated probability p(F) and the Students igher immobilization efficiency could not be

value for the estimated coefficients and th ttained due t leak fth it
associated probabilities p(t). The results Werﬁ] ained due to some leakage of the enzyme Into

represented as contour plots (2 D) using MATLAB 1€ solution. Although, in practice reducing .th.PT
software (version 4, The Math Works Inc., MA size of the pores can reduce Iea_kage, some initial
USA.) ' ' "leakage of the enzyme molecule is certain to occur

(Zaborsky, 1973). The lower immobilization
efficiency in case of lower percentage sodium
alginate solution might be due to larger pore size
and consequently greater leakage of the enzyme
from the matrix.
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Figure 1 - Effect of alginate concentration on immobilization efficiency
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Figure 2 - Effect of bead size on rate of starch hydrolysis
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b) Effect of curing time of calcium alginate beads reported for immobilized glucoamylase (Cabral,
Time required for the gel to set is an importantl982). Koji et al. (1999) also observed that the K
step in immobilization as it affects the stability offor the immobilized urease became higher with
the resulting calcium alginate beads. The effect ahcreasing the fiber diameter for entrapment-
curing time on the hardness of the calcium alginatenmobilized urease. In the present study, the
beads was evaluated. The treatment of the beadsiimernal diffusion effects are present in the
a calcium chloride bath for 2hrs gave a hardness operational conditions used and as the beads of
85 g (Table 1). Prolonged curing of the beads witharger size offer more internal diffusion resistance,
calcium chloride solution did not improve thethe K value increases with the size of the bead.
structural stability of the beads. Concomitantly, as the diffusional limitations were
eliminated by reducing the size, the maximal
Table 1 - Effect of curing time on structural stability of activity, Vimax increased with the decrease in the

the beads size of the beads.
Curing Time Bead Heardness
(min) (9) Table 2 - Kinetic constants of enzyme
28 ‘512 Bead size Kn V max
% o (mg/ml) (umol/ml)
120 85 4mm 31.2 30.03
150 84 3mm 28.2 33.08
180 85 2mm 23.75 36.23

For practical application, an immobilized system
with lower K, value and faster rate of reaction is
preferred. In thisrespect, immobilized enzyme

2) Bead size particle of2mm size gave satisfactory results and

In the immobilized enzyme system, as theVas used for further investigations.
substrate has to diffuse for the enzymatic reaction
to take place, the size of the final lattice (bead) ha
significant effect on the rate of hydrolysis.

Moreover, the bead size determines the suitability
for reactor configuration. In situations where the
substrate has to be transported from the bulk
solution to the outer surface of the matrix, both the
intraparticular diffusion and the external mass
transfer should be taken into consideration.
However, in the present study, the external
transport has not been considered on the
assumption that greater contribution is from the o 1 2 3 4 5 6
intraparticle mass transfer. As shown in Fig. 2, the Beads (g)

highest rate of starch hydrolysis was observed witt

bead size of 2mm and the bigger sizes showel

lower rate. From the above finding it may be

concluded that the beads of 2mm offered lesse:

diffusion resistance compared to the larger beadsFigure 3 - Effect of amount of enzyme on activity of
enzyme

Optimum  conditions for using amylase-
immobilized beads

Activity (umol)

Kinetic analysis

Lineweaver-Burk plots were used for estimation of

the kinetic constants, M, and K, for different ©P) Amount of beads _ N

sizes of beads. According to the tabulated resulfdifférent amounts of amylase-immobilized beads
(Table 2), K, of the immobilized amylase Were introduced into the reaction medium and
increased with the size of the beads. The resulfiedree of catalysis was assayed. The rate of
obtained in the present study were similar to thos@ydrolysis increased with the increase in amount
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of immobilized catalyst and maximum activity of R for immobilized amylase activity was 0.968,
was realized with 2g of beads (Fig. 3). Howevershowing a good agreement between experimental
further increase in the amount of beads did naind predicted values. The corresponding analysis
increase the hydrolysis rate. of variance (ANOVA) has been summarized in
Table 4. The F value is a measure of the variation

c) Reaction temperature amgH optimization by of the data about the mean. Generally, the
RSM calculated F value should be several times greater
Response surface methodology allows théhan the tabulated value if the model is a good
verification of the effects of the variables prediction of the experimental results.
individually and their interaction. This is a
statistical model that correlates the variables anfable 4 -ANOVA
permits the optimization of the hydrolysis process. Source DF  SS MS  Fvalue p>F
The experimental design for the various treatmentsBlocks 1 0.0096  0.0096
was based on preliminary work, which established Model 5 352.48  70.496  325.77  0.00
that an optimum could be found within the range Error 5 1082 02164

. otal 11 353.576 32.143
of parameters studied. The summary of the Centrat
Composite Experimental Design (CCD) for
optimization of the reaction pH and temperatur
has been given in Table 3.

(?-|ere the computed-value was greater than the
tabulated F-value, sFs = 5.05 ata = 0.05 level.

Table 3 - Two factored central composite experimentalfom the high F value and a very low probability
design. The numbers in parenthesis are the coded valuds>F = 0.000) it can be concluded that the model

of the variable. was a good prediction of the experimental results.
Run X1 X5 The Student t-distribution and the corresponding
1 55 (1) 4.2 (-1) p-values along with the second order polynomial
55 (1) 4.8 (1) coefficients were evaluated using SYSTAT (8.0,
3 45 (-1) 4.2 (-1) HSS Inc. USA) (Table 5).
4 45 (-1) 4.8 (1)
S 50 (0) 4.5(0) Table 5- Coefficients of the model
6 50 (0) 4.5 (0) Co Standard tvalue pvalue
7 50 (0) 4.9 V2) off error
8 50 (0) 4.07(+2) Intercept  427.914  125.44 3.411 0.014
9 57 (V2) 4.5 (0) X1 -5.51 2.121 -2.598 0.041
10 43 (4/2) 4.5 (0) X5 -139.622  42.453 -3.289 0.017
i 00 O T R
12 50 (O) 4.5 Q) x1§<2 1.797 0.322 5.579 0.001

The_results of the experiments were analyzed. b¥he p-value serves as a tool for checking the
multiple regression procedure and the fOIIOWIngsigniﬁcance of each of the coefficients. It is

mggggn(ﬁ;ﬂﬁoégis avrg)r/ilsslisaig\r/rztgergtltjhr Q”E)e(evident from the p value (0.001) that interactive
and pH (%), was fitted: ’ e_ffec_:t_ betw_een pH and_ temperature  most
’ ' significantly influenced the immobilized amylase
activity. The contour plot (Fig. 4), depicting the
effect of pH and temperature on amylase activity,
clearly showed an optimum in the boundaries. The
%Ptimum point was evaluated using gradient

The fit of th_e regression equation was CXPIeSSElethod in the direction of steepest ascent. Since
by evaluation of the multiple correlation

. L . the optimum was obtained at the boundary, it is
coefficient, R, and the determination coefficient, ible that th | . lies b d th
R®. The coefficient of determination®Ras found possible that the real optimum fies beyond the

to be 0.984, indicating that the sample variation Ogupderlmental range considered in the present
98.4% can be explained by the model. The value y:

Y = 427.9141 - 5.5101% 139.622% - 0.0224X%°
+ 6.9477%°+ 1.7967%X>
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Figure 4 - Contour plot: effect of pH and temperature on amylase activity

Experiments were performed beyond theBacillus sp. a-amylase covalently bonded to
experimental range to confirm the presenirconium dynamic membrane, was optimized
optimum points. employing response RSM (Tien et al., 1999). They
The optimum pH and temperature as evaluatefbund an optimum pH and temperature 5.5 and
from the plot were 4.9 and %7 respectively. Thus 41°C, respectively and the highest specific activity
the operating temperature of the immobilizedvas 21.85 U/mg. The higher temperature profile
matrix was raised from 5G to 57C. It has been observed in case of amylase frofacillus
reported that only at an elevated temperature @firculans may be because of some conformational
60°C complete degradation of starch to glucoseffects due to entrapment, which protects the
can be achieved in the immobilized amylase enzyme against heat denaturation. Response
reactor (Emne’us et al., 1990). Hence the presesurface methodology has been used to optimize
immobilized system could have potentialvarious reaction parameters of such enzyme
application not only for maltooligosaccharidecatalyzed reactions. For instance, the esterification
production but also for production of glucosereaction between stearic acid and lactic acid using
syrups. The enzyme activity was enhanced 2 foldRhizomucor miehelipase and porcine pancreas
from 13 U/g of beads to 25.6 U/g of beads, aftelipase was optimized for maximum esterification
optimizing the process parameters using RSMuising response surface methodology (Karanth and
The reaction parameters, pH and temperature, f@ivakar, 1999).
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Similarly, lipase catalyzed hydrolysis of

methyloleate was optimized by RSM (Murthy et > 15
al., 2000). S T——— .,
@
Catalytic properties of the immobilized enzyme 2 05 y =-1257x+5,2459
- 0
a) Activation energy of the immobilized enzyme 0,003 0,0031 0,0032 0,0033 0,0034
The logarithm of enzyme activity was plotted as ¢ 1T (C
function of inverse of temperature and the ©
activation energy was calculated from the
Arrhenius equation (Fig. 5). The ;Eof the
immobilized enzyme was found to be 5.7 Figure 5 - Arrhenius plot
kcal/mole.
0,12 -
y =0,0734x + 0,0247
0,1
v
9 0,08 -
]
2
ED 0,06 -
-}
: 0.04 - y = 0,0458x + 0,0184
: )
0,022
0
-0,5 0 0,5 1 1,5
1/[8] (g%)—l A57°C
O48°C
Figure 6 - Lineweaver-Burk plot
b) Kinetic constants of the enzyme estimated k, at 57C was found to be 26.5 mg/ml

In order to make a rational reactor design forand that at 56C was 29.71 mg/ml. However, with
immobilized enzyme system it is important as wethe increase in temperature,)/ decreased from
as necessary to evaluate the kinetics of the systés6.5 U/g of bead to 40.48 U/g of beads.

for properties of immobilized enzyme. The kinetic

constants, K, and V4.« Of the enzyme entrapped in c) Rate of hydrolysis of natural substrates

2 mm size bead was evaluated atGGand 56C The substrate specificity of thd8 circulans
using Lineweaver-Burk plot (Fig. 6). The GRS313 amylase immobilized on natural hydrogel
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(2 mm bead size) was tested on various substratEsming amylase fronB circulansGRS 313 was
and results are shown in Fig. 7. The immobilizecvaluated in batch process. The results (Fig. 9)
catalyst exhibited an appreciable hydrolyticindicated that on repeated use of the immobilized
capability in presence of starchy residues likemylase, 83% of the initial activity was retained
wheat flour, sago, barley and arrowroot starchupto seven cycles. After seventh cycle, there was
which wascomparable to soluble starch. loss of enzyme activity, which may be due to
It may be inferred that the present entrapmergnzyme denaturation and due to physical loss of
system did not pose any diffusional limitations inenzyme from the carrier. The enzyme in the
case of these starchy residues to impair thepresent study is operationally more stable than the
effective hydrolysis by the immobilized enzyme. o amylase immobilized on nitrocellulose
membrane which retained only 65% of the initial
activity after seven runs (Tanyolac et al., 1998).

< 20,

8 30- B \Wheat d) Effect of metal ions on activity of the enzyme

o) O Arrowroot Among the various metal ions studied, apparent
=220 [ Sago activity of the immobilized enzyme was increased
S 10- [ Soluble starch by 112% and 113% in presence of Mg@ind

= 5 Barley CoCl respectively (Fig. 8)HgChL, CusSQ and

S 0 : FeCk caused total inhibition of enzyme activity at

1 2 3 4 5 6 25 mM concentrations. At a lower concentration
Time () of 10mM, HgC} exhibited greatest degree of
inhibition showing only 27% of relative activity.

2
Figure 7 - Rate of hydrolysis in presence of different % 150
starchy substartes <
= 100
3
‘5 90
120, | i
100 - W 10mM s ‘ ‘ ‘
5 °© 1 3 5 7 9
<< 804 25mM
o Cycle number
= 60 O050mM
§ 40] N 100mM
< 20|
O LS e N et L el SR8 , : L .
282 a2 8 8 8 % Figure 9 - Operational stability of immobilized amylase
= I O g 2 & o O

RESUMO

Um maltooligossacarideo obtido a partir de amilase
produzida por B. circulans GRS 313 foi imobilizada
em alginato de sdodio. A atividade enzimatica foi
afetada pelo tamanho da particula. Particulas com
e) Operational stability 2mm foram as mais efetivas na hidrélise.
The operational stability of immobilized enzymesConstantes cinetica Km e Vmax foram estimadas e

is one of the most important factors affecting théfétadas pelo tamanho das particulas. A atividade

utilization of an immobilized enzyme system. Thecatalitica da enzima foi estuda na presenca de
operational stability of the maltooligosaccharidediférentes tipos de amido e ions metalicos. HgCI2,

Figure 8 - Effect of salts on immobilized enzyme
activity
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CuS04 e FeClI3 provocaram inibicdo na enzima. Agebeda, R. E.; Kinda, K. B. and Teague, W. M. (1990),
condicdes de reacdo (temperatura e pH) foramDevelopments in enzymes for retarding staling of
otimizadas utilizando a metodologia da superficie Paked goodsCereal Foods World 35, 453-457.
de resposta. Em pH 6timo de 4,9 e temperatura #@ranth, K. and Divakar, S. (1999), Preparation of
57 °C, a atividade aparente foi de 25.6 Ulg de ste_aroyl lactic aqd ester catalyzed py lipases from
. L . . hizomucor miehei and porcine pancreas
particulas, r(?s_ultando UM acrescimo dg_mal~s de ptimization using response surface methodology,
vezes na atividade da enzima. A |mob|I|za(;aQ da Appl. Microbiol. Biotechno}.52, 579-584.
enzima mostrou uma alta estabilidade operacionghuri, A. 1. and Cornell, J. A. (1987), Response surfaces:
pela retencdo de 85% de sua atividade inicial apdsDesign and analysis, In: Owen, D. B.; Cornell, R. G.;
sete ciclos de utilizacéo. Kshirsagar, A. M.; Kennedy, W. J. and Shilling, E. G.
(eds.). Statistics: textbooks and monographsew
York : Marcel Dekkar. v. 81. pp. 3-6.
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