
Immobilization of Invertase onto Dimer Acid-co-alkyl
Polyamine
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ABSTRACT: Invertase was immobilized onto the dimer
acid-co-alkyl polyamine after activation with 1,2-diamine
ethane and 1,3-diamine propane. The effects of pH, temper-
ature, substrate concentration, and storage stability on free
and immobilized invertase were investigated. Kinetic pa-
rameters were calculated as 18.2 mM for Km and 6.43 � 10�5

mol dm�3 min�1 for Vmax of free enzyme and in the range
of 23.8–35.3 mM for Km and 7.97–11.71 � 10�5 mol dm�3

min�1 for Vmax of immobilized enzyme. After storage at 4°C
for 1 month, the enzyme activities were 21.0 and 60.0–70.0%
of the initial activity for free and immobilized enzyme, re-
spectively. The optimum pH values for free and immobi-
lized enzymes were determined as 4.5. The optimum tem-

peratures for free and immobilized enzymes were 45 and
50°C, respectively. After using immobilized enzyme in 3
days for 43 times, it showed 76–80% of its original activity.
As a result of immobilization, thermal and storage stabilities
were increased. The aim of this study was to increase the
storage stability and reuse number of the immobilized en-
zyme and also to compare this immobilization method with
others with respect to storage stability and reuse number.
© 2004 Wiley Periodicals, Inc. J Appl Polym Sci 93: 1526–1530, 2004
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INTRODUCTION

The most commonly used techniques for enzyme immo-
bilization are designed to adsorb or covalently attach a
polymeric carrier to, or interwine about, an enzyme.
There are numerous methods of preparing water-insol-
uble enzymes.1–4 The advantages of this method are
reproducibility of the carrier substance to be synthesized
or isolated, reproducible bonding of the proteins to the
carrier substances, no elution of the homopolar-bonded
protein with both low and high molecular weight sub-
strates, and universal use of the carrier-bounded pro-
teins in batch, screen, column, and other reactor sys-
tems.5 The most frequently used carriers have been
based on cellulose, glass, copolymers of polyamino ac-
ids, poly(p-chloromethylstyrene) beads, starch, agarose,
crosslinked dextran, and ethylene–maleic anhydride co-
polymers.6–8 Different polypyrrole/polytetrahyrofu-
ran/invertase electrodes were constructed by the entrap-
ment of invertase in conducting polymer matrices by
electropolymerization.9,10 A very large number of reac-
tions have been used for the covalent coupling of the
enzymes.11–15

The kinetic behavior and activities of immobilized
enzyme usually differ appreciably from those of free

enzyme. The nature of interaction between enzyme
and polymer carrier is dependent on the three-dimen-
sional structure of the enzyme. Some changes may
also be attributable to the chemical modification re-
sulting from the coupling.16,17

In recent years, hydrogels have been used for the
immobilization of enzymes, proteins, antibodies, and
antigens because of their versatile applications in bio-
medicine and biotechnology.18–20 Advantages of us-
ing hydrogel for immobilization of enzymes have
been widely described in the literature.21–24 General
operational advantages of immobilized enzymes are
reusability, possibility of batch continuous operational
modes, rapid termination of reactions, controlled
product formation, easy separation of the product,
great variety of engineering design for continuous
processes, and possible greater efficiency in consecu-
tive multistep reactions. As long as the enzyme can be
stabilized by modification or immobilization reuse of
the enzyme may be worthwhile.25

The invertase (EC 3.2.1.26) enzyme that catalyzes
the hydrolysis of sucrose to glucose and fructose is
largely used in the food industry to prevent the crys-
tallization of sucrose in sugar mixtures. A number of
studies have been reported in the literature on the
immobilization and adsorption of invertase on various
polymeric agents and gels.15,21–24,26 The optimum cou-
pling conditions such as enzyme concentrations, time,
and pH have been reported elsewhere.12,27
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In this study, dimer acid-co-alkyl polyamine copol-
ymers were used. The enzymatic performance of the
dimer acid-co-alkyl polyamine at various tempera-
tures and pH and a comparison with the free enzyme
are also reported here.

EXPERIMENTAL

Materials

The invertase (Fructofuranosidase, EC 3.2.1.26), used
for the immobilization studies, was purchased from
Fluka (Buchs, Switzerland). Sucrose was a product of
Sigma (St. Louis, MO) and used as the substrate. Bio-
chemical-grade glucose was provided by Fluka. Dimer
acid-co-alkyl polyamine was supplied by Aldrich (Mil-
waukee, WI). 1,2-Diamine ethane and 1,3-diamine
propane were supplied by Merck (Darmstadt, Ger-
many) and used without further purification. All the
chemicals used in the preparation of buffers were
supplied by Merck and used without further purifica-
tion.

Activation with diamine

Dimer acid-co-alkyl polyamine (0.1 g) was placed in 5
mL diamine solution. The activation was carried out at
30°C in a shaking water bath for 4 h and left at that
temperature overnight. The activated polymer was
separated and washed with phosphate buffer (pH: 4.3,
0.2M, 15 mL).

Enzyme immobilization

The activated dimer acid-co-alkyl polyamine was
placed in a 20 mL solution of 40 mg dL�1 invertase
and the immobilization reaction was carried out at
30°C in a shaking water bath for 4 h. Polymers were

separated and free enzyme was removed by washing
with phosphate buffer (pH: 4.3, 0.2M, 15 mL). The
immobilized enzymes were freshly used and stored at
4°C.

Enzyme assay

The enzymatic activity of invertase was determined by
an enzyme reaction using sucrose as substrate. The
activities of immobilized and free invertase were de-
termined by the Folin–Wu method. Assay solutions
containing free or immobilized enzyme in phosphate
buffer (0.2 mg enzyme or 0.1 g polymer in 1.0 mL
phosphate buffer) were placed in a test tube. A sub-
strate solution (1% sucrose) was added to the tubes
and the incubation was continued for exactly 15 min.
At the end of 15 min, the tubes were removed from the
water bath (30°C); to terminate the reaction, 1 mL of
alkaline copper sulfate solution was added to the tube.

Figure 1 Effect of pH on free and immobilized invertase
activity.

Figure 2 Effect of temperature on free and immobilized
invertase activity.

Figure 3 Lineweaver–Burk plots for free and immobilized
invertase.
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The tube was allowed to remain in the boiling water
bath until a brown color was observed, after which the
tube was cooled in water at room temperature. Later,
1 mL of phosphofomolibdic acid reagent was added to
tube and mixed thoroughly by vortex. Finally, 10.0
cm3 of phosphate buffer was added to the tube. The
absorbance was read at 640 nm versus a blank solu-
tion. The blank solution was prepared in the same
manner in the absence of the enzyme. The amount of
glucose was obtained from the calibration curve and
used in the calculation of enzyme activity. The activity
of invertase (moles of glucose � fructose formed/mg
protein min�1) was calculated (1 U of enzyme activity
is defined as that amount of enzyme that hydrolyzes 1
�mol sucrose/min under the present assay condi-
tions).

RESULTS AND DISCUSSION

Effect of pH and temperature on enzyme activity

The influence of pH on the enzyme activity was in-
vestigated in the pH range of 3.0–8.0 at 30°C. The pH
activity profiles of free and immobilized invertase on
the polymer were similar in both situations (Fig. 1).
The optimum pH values of free and immobilized in-
vertase were reported between 4.0 and 5.4 in the lit-

erature.8,12,23,28,29 It can be seen from Figure 1 that
maximum activity is observed at pH 4.5 for free and
immobilized invertase. Polyionic matrices that cause
partitioning of protons between the bulk phase and
enzyme microenvironment are well known.30 The pH
maximum activity for immobilized invertase shifted
to the more alkaline side compared to native invertase.

The effect of temperature on the activity of free and
immobilized invertase is shown in Figure 2. Maxi-
mum activity is observed at 45 and 50°C for free and
immobilized invertase, respectively. The optimum
temperature for the immobilized invertase was 5°C
higher than that of free enzyme, attributed to the
creation of conformational limitations on the enzyme
movement as a result of formation of lower interaction
between the enzyme and the matrix. Similar observa-
tions were previously reported in the litera-
ture.11,12,27,31 Immobilization improved both the pH
stability and temperature stability of enzymes. Ther-
mal stability was found to increase with immobiliza-
tion and at 70°C.32

The maximum activity of free and immobilized in-
vertase is only slightly affected by pH.21–23,33 Immo-
bilized invertase is more active at higher temperatures
but alginate gel undergoes thermal degradation at
such temperatures.23

Figure 4 Storage stability of free and immobilized invertase.
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Kinetic parameters

The effect of substrate concentration on the hydrolysis
of sucrose by free and immobilized invertase was also
investigated. The results are presented in Figure 3.
Values of the Michaelis–Menten constant Km and Vmax
of free invertase were calculated as 18.2 mM and 6.43
� 10�5 mol dm�3 min�1, respectively. These param-
eters were also calculated for immobilized 1,2-diamine
ethane and 1,3-diamine propane as 35.3–23.8 mM (Km
values) and 11.71–7.97 � 10�5 mol dm�3 min�1 (Vmax
values), respectively. The Km value of immobilized
invertase (55 mM sucrose) was higher than that of the
free enzyme (24 mM sucrose), whereas Vmax values
were smaller for the immobilized invertase.12 Values
of Km of invertase were significantly larger (� 2.5
times) upon immobilization, indicating decreased af-
finity by the enzyme for its substrate, whereas Vmax
was smaller for the immobilized invertase.32 This in-
dicates that the formation of the enzyme–substrate
complex is more difficult than the immobilized inver-
tase.27 This increase may be a consequence of either
structural changes in the enzyme, introduced by the
applied immobilized procedure, or lower accessibility
of the substrate to the active site of the immobilized
enzyme. Kinetics parameters were calculated from the
Eadie–Hofstee plot for immobilized invertase. The Km

of immobilized invertase was larger than that of na-
tive invertase, whereas the opposite tendency was
observed for the Vmax.23 The Km values for free and
immobilized enzyme were 46 and 50 mM, respec-
tively. Vmax values for free and immobilized invertase
were calculated as 45 and 38 mg fructose/mg enzyme
min�1, respectively.8

Storage stability

Enzymes are not stable in solutions and their activities
decrease with time during the storage. The invertase
solution was stored for 1 month at 4°C, and its activ-
ities were found to be 21 and 60–70% of the initial
activity values for free, immobilized 1,2-diamine
ethane, and 1,3-diamine propane, respectively (Fig. 4).
The stability of immobilized invertase with 1,3-dia-
mine propane was higher than that of 1,2-diamine
ethane, which can be attributed to the increase of
specific interactions between positively charged en-
zyme molecules and ionized polymer.

Reuse

The immobilized sample was used repeatedly 43 times
within 3 days and the measured activities are pre-

Figure 5 Effect of repeated use on the activity of immobilized invertase.
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sented in Figure 5. It has been observed that, after the
43rd use, immobilized enzyme retained about 76–80%
of its original activity. The bound enzyme showed
excellent stability to repeated use and retained about
90% of its initial activity after eight cycles of use.34

CONCLUSIONS

Immobilized invertase, compared with free invertase,
was more stable at high pH and temperature. The
storage stability of immobilized enzyme is also higher
than that of the free enzyme. These immobilization
properties are of great importance in biotechnological
applications.
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30. Arýca, M. Y.; Hasýrcý, V.; Alaeddinoðlu, N. G. Biomaterials
1995, 16, 761.

31. Farahdiba, J.; Saleemuddin, M. Biotechnol Bioeng 1997, 56, 605.
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1530 TÜMTÜRK AND TUFAN


