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Abstract: Invertase produced by Saccharomyces cerevisiae was immobilized as cross linked enzyme
aggregate (CLEA) via precipitation with saturated solution of ammonium sulphate and cross linked with
glutaraldehyde. The effect of precipitation and cross linking on CLEA activity were investigated and
immobilized invertase was characterized. 40% (v/v) ammonium sulphate saturation, 1.5 %( v/v)
glutaraldehyde were used; an 8-h cross linking reaction at room temperature, at pH 7 was performed
and 100% activity recovery was achieved in CLEAs with enhanced thermal and acidic condition
stabilities. Significant changes in optimum pH and temperature values of the enzyme were recorded after
immobilization. From the enzyme kinetic study, decrease in substrate affinity and velocity of enzyme
reaction were observed. Highly stable CLEAs can be prepared from crude Saccharomyces cerevisiae
invertase.
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INTRODUCTION

Invertase (EC. 3.2.1.26) catalyses hydrolysis of the sucrose from fructose end (Kulp K, 1975). The resulting
mixture of fructose and glucose is called inverted sugar syrup which is sweeter than sucrose. Several bacteria,
yeast and fungi have been shown to produce invertase hence it is widespread in distribution (Aleksanyan and
Markosyan, 1986). But the enzyme of commercial interest originates from strains of Saccharomyces sp. The
inverted sugar syrup has wide applications in food and pharmaceutical industry because of its functionally more
desirable properties like high solubility and hygroscopic nature. It is used as humectants in the manufacture of
chocolate coated soft centered sweeteners, candy products, fondants and after dinner mints (Shankar and Kotwal,
2009). 

Separation from the reaction mixture and reuse of invertase can be facilitated by immobilization. In fact,
invertase was the first enzyme to be immobilized (Nelson and Griffin, 1916).This enzyme has been so far
immobilized on various types of carriers by different methods such as by adsorption (Suzuki et al., 1996,
Woodward J et al., 1978), covalent binding (Amaya-Delgado L et al., 2006; Ramirez et al., 2002) and entrapment
(Tanriseven A et al., 2001; Parascandola P et al., 1982). However, immobilization of enzymes with carrying
matrices results in diluted enzyme activities (Tisher W and kasche V, 1999). Methods of enzyme immobilization
without carrier matrix is gaining importance. Because they offer advantages of higher volumetric productivity
as they are composed of only protein and small amount of cross linker and also lower production cost.  Enzymes
can  be immobilized without using carrier matrix as in case of cross linked enzyme crystals(CLECs) and cross
linked enzyme aggregates (CLEAs).These forms have concentrated enzyme activity and high stability. Cross
linked enzyme crystals require highly purified crystalline enzyme. On the other hand, Cross liked enzyme
aggregates can be prepared by precipitation of enzyme and subsequently cross linking of formed aggregates using
bifunctional agent (Cao et al., 2000). This immobilized enzyme then can be easily recovered from reaction
mixture by filtration or centrifugation (Cao L.et al., 2003).This method is simple and does not require highly
purified enzyme (Mateo C et al., 2004). So far, CLEAs of various enzymes such as penicillin acylases (Cao L.et
al., 2001), lipases (Wilson L. et al., 2006), laccases (Roger A. Sheldon et al., 2010), Alcohol dehydrogenase
(Mateo C et al., 2004) have been prepared. In this study invertase produced by Saccharomyces cerevisiae was
used for preparation of CLEA considering its industrial applications. Conditions of CLEA preparation were
optimized. The prepared CLEAs were characterized in terms of optimum temperature and pH, kinetic parameters
and compared with those of soluble invertase.
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MATERIALS AND METHODS

Chemicals:
Sucrose and DNSA (3, 5-Dinitrosalycyclic acid) were obtained from Himedia (Mumbai). Ammonium

sulphate and glutaraldehyde (25%) were purchased from Merck (Mumbai). Other reagents were of analytical
grade and obtained either from Merck or Himedia.  

Enzyme:
Invertase was obtained from Saccharomyces cerevisiae grown in shake flask containing fermentation

medium: Sucrose, 20(g/l); Peptone, 5(g/l); Yeast extract, 3(g/l); pH 6.After fermentation of 48 hrs biomass was
removed by centrifugation and remaining medium was used as crude soluble invertase. 

Assay of Invertase: 
The soluble invertase was assayed in 2 ml reaction volume containing 1ml of enzyme and 1ml of 1% sucrose

in 0.1 M sodium citrate buffer (pH 4.2).The CLEAs of invertase were assayed in 2ml reaction volume containing
0.5gm CLEA and 2ml of 1% sucrose in same buffer. The amount of reducing sugars in the supernatant was
estimated with dinitrosalycylic acid.

Preparation of Clea: 
Saturated ammonium sulphate solution was added up to the final concentration of 40% (v/v) saturation in

1 ml crude enzyme solution. After 5 min of mixing, glutaraldehyde was added slowly to the final concentration
of 1.5 %( v/v). At the end of 8 hrs cross linking reaction at room temperature, the suspension was centrifuged
at 4000 rpm for 15 min at 4ºC. CLEAs were recovered as pellet and washed with 0.1 M sodium citrate buffer.

The activity recovery in CLEAs was calculated as follows:
Activity recovery (%) = (Total activity of CLEA in units/Total crude enzyme activity used for CLEA Production
in units) × 100.

Optimization of Clea Preparation:
     Different ammonium sulphate saturations (10-70% v/v), glutaraldehyde concentrations (0.2-2%v/v) and time
of cross linking reaction (2-8 hrs) were used during CLEA preparation from crude soluble invertase.

Effect of Temperature and pH on Invertase Activity:
To determine the optimum temperature of soluble invertase and CLEA, enzyme activities were measured

in the temperature range of 30-80ºC. The effect of pH on enzyme activity was determined in the pH range of
3-7.In the range of 3-5, 0.1M  sodium citrate buffer and in the range of  6-7, 0.1 M sodium phosphate buffer
were used.

Kinetic Analysis:
Kinetic parameters of soluble invertase and CLEA were estimated by measuring initial reaction rates using

different sucrose concentrations in the range of 0.5 mM-20 mM in 0.1 M pH 4.2 sodium citrate buffer at
respective optimum temperatures of each form. Km, Vmax values of soluble invertase and CLEA were calculated
from nonlinear regression fitting of the initial reaction rates corresponding to different sucrose concentrations with
GraphPad Prism software.

RESULTS AND DISCUSSIONS

Preparation of Invertase:
Saccharomyces cerevisiae has great ability to secrete invertase (Moreno et al., 1979; Silveira et al., 2000

and Shafiq et al., 2002). Therefore Saccharomyces cerevisiae   was used for the production of invertase. After
fermentation of 48 hrs, yeast biomass was removed by centrifugation and remaining liquid medium was used as
crude invertase solution. 

Optimization of CLEA Preparation:
During preparation of CLEA, invertase from crude soluble solution was precipitated using saturated solution

of ammonium sulphate. Fig. (1) Shows that as ammonium sulphate saturation was increased, activity recovery
in the CLEA also increased and 100% recovery was achieved at 40% (v/v) ammonium sulphate saturation. 
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Further increase in ammonium sulphate saturation increased activity recovery higher than 100%.This is called
hyper activation. Precipitation of protein increases its stability, since it decreases the surface area that is in contact
with solvent (Creighton TE, 1993). Moreover, precipitation conditions may result in a more active conformation
of proteins (Lopez-Serrano P et al., 2002). SEM images of CLEAs of tyrosinase have shown that CLEAs were
coarse grained and less structured at low ammonium sulfate concentration, whereas at high ammonium sulfate
concentration, they were fine grained and more structured with many cavities (Ufuk Bakir et al., 2008). By the
addition of glutaraldehyde as a cross linking agent, the orderly arranged proteins are cross linked and their
conformation is stabilized (Cao L et al., 2000).Therefore, CLEAs retained nearly all of the free enzyme activity
at higher ammonium sulfate concentrations. Lopez-Serrano P et al. (2002) reported the same hyper activation of
enzyme lipase after precipitation with higher than 60% saturation of ammonium sulphate.

The concentration of the cross linking agent also had a significant effect on the activity of CLEAs. As shown
in Fig. (2) Activity recovery in CLEAs was increased with increase in glutaraldehyde concentration. At 1.5%
(v/v) glutaraldehyde, nearly all of the soluble enzyme activity was recovered in CLEAs and at higher
concentrations, hyper activation was observed. Ufuk Bakir et al (2008) obtained same hyper activation at higher
concentrations of glutaraldehyde during preparation of CLEAs of tyrosinase. Since cross linking is reaction, time
required to recover 100% soluble activity in CLEA during cross linking is important. Fig. (3) Shows the effect
of cross linking time on activity recovery in CLEA.As the time of cross linking reaction was increased activity
recovery was increased. After 8 hrs 100% activity recovery was obtained.

Effect of Temperature and pH on Invertase Activity:
The effect of temperature on the activity of soluble invertase and CLEAs were determined in the temperature

range of 30-80ºC. As given in Fig. (4) and Fig. (5), the optimum temperature recorded was at 40ºC for soluble
and 70ºC for cross linked invertase respectively. This enhancement in optimum temperature can be due to inter
and intra molecular covalent cross links that prevents conformational changes (Migneault I et al., 2004). 

The pH effect on both soluble invertase and CLEA activities were determined in pH range of 3-7. Optimum
pH values were 4.2 and 3.6 for soluble invertase and CLEA as shown in Fig. (6) and Fig. (7) Respectively. This
shift in optimum pH could be resulted from the change in acidic and basic amino acid side chain ionization in
the microenvironment around the active site, which was caused by the newly formed interactions between basic
residues of enzyme and glutaraldehyde during cross linking (Ufuk Bakir et al., 2008). 

Kinetic Analysis:
Kinetic parameters of both soluble form and CLEA of invertase were measured. For both forms of invertase,

Michaelis-Menten type kinetic behavior was observed. Table 1 shows that for CLEA form of invertase Vmax is
decreased and Km is increased as compared to soluble form. 

This means affinity of enzyme for its substrate and the velocity of enzymatic reaction are decreased for
CLEA form of invertase. This was due to the lower accessibility of substrate to the active site of CLEA form
of invertase (Bailey et al., 1986; Akgol et al., 2001; Bayramolu et al., 2003).

Fig. 1: Effect of ammonium sulphate saturation on activity recovery in CLEA.
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Fig. 2: Effect of glutaraldehyde concentration on activity recovery in CLEA.

Fig. 3: Effect of cross linking time on activity recovery in CLEA.

Fig. 4: Effect of temperature on activity of soluble invertase
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Fig. 5: Effect of temperature on activity of CLEA of invertase.

Fig. 6: Effect of pH on activity of soluble invertase.

Fig. 7: Effect of pH on activity of CLEA of invertase.



Aust. J. Basic & Appl. Sci., 4(10): 4760-4765, 2010

4765

Table 1:  Kinetic parameters of CLEA and soluble form of invertase.
Form of invertase Vmax (μmol/min) Km (mM)
CLEA 7.32 13.45
Soluble invertase 21.59 10.80
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