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Abstract

Yeast Saccharomyces cerevisiae is the most significant source of enzyme invertase. It is
mainly used in the food industry as a soluble or immobilized enzyme. The greatest
amount of invertase is located in the periplasmic space in yeast. In this work it was
isolated two forms of enzyme from yeast S. cerevisiae cell, soluble and cell wall invertase
(CWI). Both forms of enzyme showed same temperature optimum (60°C), similar pH
optimum and kinetic parameters. The significant difference between these biocatalysts
was observed in their thermal stability, stability in urea and methanol solution. At 60°C
CWI had 1.7 times longer half life than soluble enzyme, while at 70°C CWI showed 8.7
times longer half life than soluble enzyme. After 2h incubation in 8 M urea solution
soluble invertase and CWI retained 10% and 60% of its initial activity, respectively.
During 22h.incubation of both enzymes in 30 and 40% methanol soluble invertase was
completely inactivated, while CWI changed its activity within the experimental error.
Therefore, soluble and CWI invertase have not shown any substantial difference, but

CWI showed better thermal stability and stability in some of typical protein denaturing

agents.
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INTRODUCTION
Yeast has traditionally been an important source of enzymes. The enzyme invertase,
which catalyses the hydrolysis of sucrose into glucose and fructose, is commercially
produced from baker’s yeast. Soluble yeast invertase (EC 3.2.1.26) exists:in two forms
(1): external (glycosylated) and internal (nonglycosylated) form. A glycosylated form of
invertase is significantly more stable than nonglycosylated form (2). Glycosylation is
found to stabilize the protein with respect to thermal denaturation (3). The
Saccharomyces cerevisiae cell wall is compoesed of about 80—85% carbohydrates, the rest
consisting of proteins interspersed throughout the carbohydrate network (4). During the
1970s various kinds of evidence have indicated strongly that invertase is situated close to

the cell wall surface in the periplasmic space (5).

Since invertase has been used to a great extent in the food industry in the production of
the invert sugar, thermal stability of the enzyme is one of the most important enzyme’s
characteristics. Invert sugar has found many applications in the food and drink industry
(6,.7). Immobilization can improve thermal stability of enzymes (8). Immobilized yeast
invertase has been the major enzyme used for commercial production of invert sugar (9).
Development of better and cheaper biocatalyst is a challenge for many research groups
and resulted in a large number of publications. Invertase has been immobilized by

adsorption, entrapment, microencapsulation and covalent immobilization (10) to various



insoluble carriers including ion-exchange resins (11, 12), synthetic polymers (13), animal
charcoal (14), microporous glass (15), magnetite particles (16) and other inorganic
materials (17), DEAE-cellulose (18), corn stover (19), triacetate-cellulose fibers (20),
gelatin (21), hen egg-white (22), wool fibers (23) and different hydrogels (24). The main
disadvantage of using soluble invertase for immobilization is the loss or inactivation of
the enzyme during and after immobilization (25, 26) and needs to be removed from some

products.

Since, in the yeast cells invertase is firmly bound to the insoluble structure of the cell it
can be isolated as the cell wall and used like natural immobilized enzyme. The advantage
of using CWI instead of soluble invertase for'immobilization in different hydrogels was
published previously (9, 27). Whole yeast cell can be used for immobilization by
entrapment in some conducting polymers instead of soluble invertase, which provides
using the cheaper enzyme in industry (28). The main advantages of obtained biocatalysts
were high yield of immobilization, absence of enzyme leakage and high thermal stability.
The possibility of obtaining immobilized invertase without loss and leakage of enzyme

has enormous importance of using these biocatalysts in food and pharmaceutical industry.

The aim of this work was to examine and compare enzyme properties, with the focus on
stability, of soluble and cell wall invertase. Since, these are two forms of enzyme, soluble
and insoluble cell wall invertase, if they have same enzyme characteristics CWI could be
used as a cheaper substituent of soluble enzyme. Both forms of enzyme were isolated

from the same yeast strain. VVarious parameters important for enzyme characterization



were studied, such as the kinetic parameters (K, Vimax, Ea), as well as pH and temperature
optima, pH and thermal stability. Stability of soluble and CWI invertase in the presence

of some well known protein denaturing agents were examined in detail.

EXPERIMENTAL
Chemicals
Baker’s yeast was obtained from a local market. All other chemicals were-analytical
grade (or higher) and were purchased from Sigma-Aldrich (St. Louis, MO,-USA) and

Merck (Darmstadt, Germany).

Enzyme Isolation

Soluble invertase and CWI was isolated by.autolysis of baker’s yeast. Soluble invertase
was isolated from crude cell extract by isoelectric precipitation, ethanol precipitation and
ion-exchange on QAE-Sephadex as previously described (29). Isoform EINV2 was used
for comparison. CWI1 was isolated from slurry obtained after cell autolysis as described in
our previously published paper (9). Briefly, the obtained slurry was diluted with an equal
volume of 1% sodium chloride and mixed for 30 min. The yeast cell wall was
centrifuged, and the pellet was resuspended in 5 volumes of distilled water. The
procedure was repeated until proteins could no longer be detected in the supernatant. The
resulting solid material was defatted and dried using cold acetone. The pellet was left to

dry overnight at room temperature.

Scanning Electron Microscopy



The morphological characteristics of the CWI were assessed by scanning electron

microscopy using model JSSM-6610LV; JEOL, Ltd., USA.

Enzyme Activity Assay

Enzyme activity assay was performed in a batch reactor at 25 °C. Fifty microliters of the
enzyme was mixed with 450 pL of sucrose solution (0.3 mol L™ in 50 mmol L™ acetate
buffer, pH 4.5). After 5 minutes reaction was stopped by the addition of DNS reagent
(500 pL) and heated in boiling water bath for 5 min. After cooling to room-temperature
and dilution with 4 mL of water, the amount of reducing sugars was determined
spectrophotometrically at 540 nm (30) using a Philips UV/VIS/NIR PU 8630
spectrophotometer (L. G. Philips-Displays Blackburn, U.K.). One international unit (1U)
of enzyme activity is defined as the amount of enzyme that hydrolyzes one micromole of

sucrose per minute under the assay conditions.

Determination Of Optimum Ph And Ph Stability

The effect of pH on the activity of soluble and cell wall invertase was studied at various
pH values at 25°°C. pH of the reaction mixtures was varied in the range of 2.5— 8.0 (0.05
mol L™ glycine-HCI buffer at pH 2.5 was used, 0.05 mol L™ acetate buffer in the range of
3:0-5.6 and0.05 mol L™ phosphate buffer in the range of 5.7-8.0 was used). The reaction

conditions were as described in the previous section

The effect of pH was studied at 25 °C at two pH values, 3.0 and 4.5. In order to determine

pH stability, both enzymes were dissolved in 50 mmol L™ acetate buffer of various pH



values (3.0 and 4.6) and allowed to incubate for various time intervals from 24 to 168

hours. After incubation period activity of the enzymes was tested as described earlier.

Determination Of Optimum Temperature And Thermal Stability

The effect of temperature on the activity of enzymes was studied by performing the
reaction in the temperature range 20—75 °C (with 5 °C increments). The reaction
conditions were as described in the previous section and in the paper published

previously (9).

Soluble and cell wall invertase were incubated at selected temperatures in 50 mmol L™
acetate buffer pH 4.5. Enzymes were allowed to incubate for various times duration (for
420 minutes at 60 °C and for 15 minutes at.70 °C) during which time enzyme activity was

monitored as described in the previous section.

Determination Of Kinetic Parameters

The activation energy of soluble invertase and CWI1 was calculated using the Arrhenius
equation after measuring enzyme activities at different temperatures (31).
Michaelis-Menten kinetic was established by studying the effect of substrate
concentration (1-200 mmol L™ for soluble enzyme and 1-400 mmol L™ for cell wall
invertase) on the reaction rate at 25 °C. Ky and Vmax Values were obtained using non-

linear regression (Graph Pad Prism 5.0).

Stability Of Enzymes In Urea And Methanol Solution



Enzymes were allowed to preincubate in several concentrations of urea (1-8 mol L™) and
methanol (30-50%) solution in 50 mmol L™ acetate buffer pH 4.5 at 25 °C for 22 h,
during which time enzyme activity was monitored (after preparing the sample) as

described in the previous section.

Statistical Analysis
Each data point represents the mean of three independent assays. Statistical significance
was determined by standard deviation (SD). The data in Fig. 2—7 are presented as the

mean + standard error of the mean (SEM).

RESULTS AND DISCUSSION
Enzymes isolated from different sources, including different strains of the same
microorganism not have same characteristics (32-34). Cell wall invertase has
significantly lower price than soluble enzyme, because the isolation method and
procedures are simpler and faster. Therefore, using of this form of invertase in several

industrial fields may-have great significance.

Activity.of enzyme solutions used in this work was similar. Suspension of cell wall
invertase.ina concentration of 1 mg/mL has average activity 10+2 U/mL, and soluble
enzyme was diluted to have similar activity. Scanning electron microscopy was used to
observe the surface morphologies and shape of obtained cell wall invertase. Purified cell

walls after autolysis, like after disrupting the cells in a mechanical homogenizer (4), has



produced cracks in the wall through which cell content leaks out leaving empty cell

walls, still having the original shape of the cell (Fig. 1).

Determination Of Optimum Ph And Ph Stability

Enzymes activity dependence of pH value of reaction mixture was studied using substrate
solutions at different pH at 25 °C. Four isoforms of invertase isolated from the yeast S.
cerevisiae has reported pH optimum in the range of 3.5 —5.0 (29). Soluble and CWI
invertase isolated in this work showed maximum activity at pH 4.6 and 4.0, respectively
(Fig. 2). Similar pH optimum for soluble invertase was previously reported (35). Slight
shift in pH optimum of soluble invertase and invertasesdimmobilized on insoluble carriers
is a common phenomenon described in previous research papers (9, 36, 37). A change in
pH optimum of immobilized comparedwith free enzyme usually is caused by changes in
pH value of enzyme microenvironment. CW1 showed significantly higher activity at pH

below the optimum than soluble enzyme.

Invertase is one of the most used enzymes in different industries. Production of invert
sugar is one of thedindustrial processes where this enzyme is utilized. The low pH value
of sugar.solution is one of the advantages for industrial invert sugar production, as this
condition prevents microbial contamination (38). Since, CWI showed at pH values 2.5—
3.5 enzyme activity only 10% less than at pH value where it has maximum activity, pH
stability was examined in terms of potential industrial usage of CW1 for invert sugar
production at lower pH value. The pH stability of both forms of the enzyme was tested at

two pH values. Enzymes were incubated at pH 3.0 and 4.5 at 25 °C during one week.



After 168 hours incubation of both biocatalysts at pH 4.5 were observed insignificant
changes in enzyme activity, under the experimental errors. Therefore, both forms of
invertase showed great pH stability at pH equal or near their pH optimum values, while at
pH 3.0 soluble and CW1 invertase have shown significantly different stability. After 20
hours soluble invertase incubated in the buffer pH value 3.0 completely lost the activity,

while CWI retained more than 86% of its initial activity after 1 week of incubation.

Determination Of Optimum Temperature And Thermal Stability

The effect of temperature dependence of enzyme activity was determined within a range
from 20 to 75 °C. Both biocatalysts showed the same temperature dependence with
maximal activity at 60 °C (Fig. 3). Activitiesof enzymes were 50% and more in the
temperature between 40 and 65 °C, while between 65 and 70 °C enzymes lost more than
50% of their activity. Same temperature optimum was reported in many of previous
public research papers for invertase activity of whole cell and soluble invertase from S.

cerevisiae (29, 39-41).

The stability of enzymes is.the most important for their use in some process.
Improvement of enzyme stability for industrial process means reduction of production
cost and products. The most of enzymatic processes are faster at increasing temperature,
while the stability of enzymes decreasing with increasing temperature. At higher
temperatures, unfolding of enzyme is responsible for its inactivation. The design of every
industrial process should include studies in detail of these factors. Temperature stabilities

of enzymes which are the subject of this paper were studied at 60 and 70 °C. Enzymes



were incubated at both temperature and their activities were measured in determined
intervals, during 7 hours at 60 °C or 15 minutes at 70 °C. The kinetic parameters of the
thermal denaturation data of the soluble invertase and CWI were calculated and shown in
table 1. Thermal stability of CWI is significantly higher than soluble invertase. At 60 °C
CWI has 1.7 times longer half life. However, at the 70 °C difference between those two
forms of invertase is highlighted, since CWI showed 8.7 times longer half life than
soluble enzyme (Table 1). Similar observations have been reported, previously, for

various immobilized systems (24).

Determination Of Kinetic Parameters

Initial activities were determined for different sucrose concentration at room temperature
and pH 4.5. Vmax and Ky values were calculated using nonlinear regression. The obtained
values of soluble and CWI invertase are given.in Table 2. The Michaelis—Menten
constant, Ky, is an important parameter for the characterization of an enzyme. It indicates
the affinity of the enzyme for the substrate. Also, the maximum reaction rate, Viax, IS
another parameter in.enzyme Kinetics studies. Comparison of Ky, value of different forms
of the same enzyme gives important information about enzymes catalytic activity. Ky
values of.the immobilized enzymes are often higher than those of the free ones (42)
because of the possible conformational changes in the enzyme molecule by the
immobilization process and/or diffusion limitation on the transfer of the substrate
molecules into the particle. Determined values of kinetic constants for soluble and CWI
invertase had similar values (Table 2). These results indicate that soluble and CWI

invertase have very similar affinity for the substrate, without diffusion limitation.

10



Enzyme activities were determined at different temperature at pH 4.5 using 0.3 mol L™
sucrose solution to find activation energies for soluble and CWI invertase. Arrhenius
plots are given in Fig. 4. Activation energies of two isolated biocatalysts were found to be
the similar values (Table 2). The obtained results are very close to the data published
previously, for soluble invertase and whole yeast cells (43, 44). Miyamato et al. indicated
that changes in activation energies are caused by diffusion and enzyme modification (45).
Whereas, value of the activation energy for CWI was similar to the value for the soluble

enzyme can be concluded that diffusion limits are not present.

Stability Of Enzymes In Urea And Methanol Solution

Comparison the stability of soluble invertase and CWI was performed in the presence of
some well known protein denaturing.agents, urea and methanol. Many researchers
reported that during the denaturation of some enzymes by urea, inactivation occurs before
any noticeable conformation. The same results were reported by Li et al. for external
yeast invertase (46).The enzyme activity of soluble invertase and CWI was measured

during 120 minutes and after 22 h incubation in urea solutions concentration 1 — 8 mol L

1

During 120 minutes of incubation of two forms of invertase in solutions of 2 mol L™ or
less concentration of urea was not observed any difference in stability (data not shown),
but in higher urea concentrations were observed considerably higher stability of CWI

compared to the soluble enzyme (Fig. 5). CWI did not change its activity nor had a

11



significant decrease of activity after 2 hours incubation in 3 — 5 mol L™ urea solution,
while soluble invertase showed lower stability. Stability of both enzymes in urea
solutions 6 mol L™ or more is lower, but the stability of CWI in all of the urea solutions is
significantly higher. It is well established that the activity of enzymes strongly depends
on their maintenance of conformational integrity. Structural study of invertase molecules
showed slight and similar changes in the protein structure in the presence of urea solution
3 mol L™ or less, but it was also reported that structural changes increase-with increasing

concentration of urea (46).

Methyl alcohol is well known as protein denaturing agents; however one of the steps in
the purification of invertase is precipitation of this enzyme in 50% alcohol solution.
Nevertheless, there is a reaction which includes usage of invertase in alcohol solutions
(47). Invertase is capable of transferring fructose to water (hydrolysis) and to alcohols
(alcoholysis). The major drawback is low enzyme activity and stability in the presence of
alcohols. Also, the stability of invertase decreasing with increasing chain length and
decrease polarity of aliphatic alcohol (48). Therefore, the stability of the CW1 in alcohol
solution was studied. Both tested forms of invertase did not change its activity during 2 h
of incubation in 30% methanol solution (data not shown), but in higher concentration of
alcohol activity of soluble enzyme decrease with increasing time of incubation (Fig. 6)
during the first 2 h of incubation. The decreasing enzyme activity of the CWI was
observed just in the highest concentration of methanol (50%). Higher half life of whole
cell derivate with invertase activity then soluble in methanol solution was reported

previously (47), but stability studies with free and covalent immobilized soluble invertase

12



showed that immobilization does not favor enzyme stability in the presence of methanol

(48).

In Fig. 7 is reported residual activity of soluble invertase and CWI after 22 h incubation
in two of typical proteins denaturing agents. The greatest difference in stability of these
two forms of biocatalyst is observed in all used concentrations of methanol. Therefore,

these results suggest that invertase in CWI has less molecular flexibilitythan in soluble

form, what causes better stability.

CONCLUSION
Comparison of catalytic properties of soluble'and CWI invertase have not shown any
substantial difference between these two forms of the same enzyme. On the other side
CWI showed better thermal stability.and stability in some of typical protein denaturing
agents. Lower price, simpler and faster method of isolation is some of the great
advantages of the CWI1 in regard to soluble invertase. Stability at low pH values could be
a great advantage for the substitution of soluble enzyme in invert sugar production as

well as stability in-the alcohol solution for the synthesis of alkylglycosides.
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Table 1. Half life of CWI and soluble invertase.

Enzyme ty2 at 60 °C (min) | ty, at 70 °C (min)
Soluble invertase | 96 0.3
CWI 163 2.6

20




Table 2. Kinetic parameters for CWI and soluble invertase

Enzyme Ea(kd/mol) | Ku(mM) | Vimax(mM/min)
Soluble invertase | 35.7 29.6 19.8
Cwi 36.4 30.9 11.6
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Figure 4.
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Figure 5.
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Figure 7.

100 EE Soluble invertase
cwi

80- B
S
2 60- §
2
B
o 404 &
2
5
Q J
T 20

0' \

0@@ \\}a"" \\}a@ & & @"” R S SO

o
NP @@@\%‘WG@@

n\c o

28



