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ABSTRACT

The aim of this study was to test the possible presence of potent invertase enzyme with promising
industrial application in local low cost Egyptian plants. Pismussativum pods (pea pods) were chosen for further
study as it shows highest invertse activity (82%U/g dry weight tissues) among the screened plants. Invertase
enzyme was extracted with distilled water from pea pods and partially purified by precipitation with
ammonium sulphate (0-60%). The partial purified enzyme was purified 15.88 times than the crude enzyme
with 85.42% vyield and specific activity 168.08 + 0.02 U/mg. The biochemical properties of the prepared
enzymes (crude and partially purified) were studied. They showed high invertase activity in a wide range of pH
5.0 -7.4 with optimum temperature at 40°C for the crude invertase and at 45°C for the purified one. The K,
values of crude and purified invertase were 33.33 and 20.83 mg (0.133 and 0.083 mM) at pH 5.0, respectively,
using sucrose as substrate. Thus, the purified invertase has high affinity toward sucrose than the crude one.
Both prepared enzymes reach to maximal activity after incubation without substrate for 30 mins at
temperature up to 65°C. The crude invertase was found to be more stable when storage in distilled water at
4°C for 270 days (retained 97% of its initial activity) than the purified one (retained 88.6% of its initial activity).
Invert syrup with 23.7% concentration was obtained by hydrolysis of sucrose using the prepared partial
purified invertase.

Keywords: Pismussativum (pea pods), Leguminoease, invertase (EC 3.2.1.26), partial purification,
characterization, invert syrup production.
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INTRODUCTION

Invertase (EC 3.2.1.26) is a sucrose hydrolyzing enzyme producing an equimolar mixture of glucose
and fructose named invert sugar [1,2]. The enzyme occurs widely in many plants, microorganism and animal
sources [3].Strong invertase activity has been detected in ripe grape berries, Japanese Pear fruit
(Pyruspyrifolia), Pea (Pisumsativum), Oat (Avena sativa) and turnip leaves (Brassica rapa) [3-6].

Invert sugar can be produced by a chemical process (using acid as a catalyst) or biochemical process
(using invertase as a catalyst). Invert sugar produced by acid hydrolysis of sucrose giving undesirable by-
products, absence of sweet taste, low conversion efficiencies; high ash contents and so are highly
uneconomical. On the other hand, the enzymatic hydrolysis gives more purity products and better in taste
[7,8].0ne of the important applications of invertase lies in the production of non crystallizable invert syrup
from sucrose. Invert syrup is sweeter than sucrose due to high degree of sweetness of fructose. Invert syrup is
used as humectants in the manufacture of soft centered candies and fondants [9]. There are many industrial
applications of invertase e.g. pharmaceutical formulations and in the production of lactic acid and ethanol
[10,11]. It is also associated with inulinase in the production of fructooligosacchrides from inulin which are not
degraded by human or animal digestible enzymes [3].

The lack of information in the properties of invertase from pod tissues promoted us to isolate and
examine the enzyme from pea pods. The present article describes the extraction and partial purification of
invertase enzyme from pea pods. Some of its physical and chemical properties (pH and temperature optima
and kinetic, thermal stability, etc.) of the crude and partial purified invertase were studies. The potential use of
the partial purified enzyme for the preparation of invert syrup from sucrose solution was tested.

MATRIALS AND METHODS
Healthy, fresh plant materials used in this study consisted of samples of different vegetative plant
parts were buy from local market (Table 1). Sucrose was purchased from Merck chemical. CO. All the other

chemicals were of analytical grade.

Table 1: Name of the different screened plant waste.

Latin name English name Family Part used
Pisum sativum Pea Leguminoseae Pods
Opuntia Cactus Cactaceae Pods
ficusnnnidica
Vicia faba Broad bean Leguminoseae Pods
Phoenix dactylifera Data palm Areceae Seeds
Cynara scolymus Artichoke Asteraceae Stem
Brassica rapa Turnip Brassicaceae Roots
Beta vulgaris Beetroot (Red Beet) Chenopodiaceae Roots
Brassica olercea Cauliflower Brassicaceae Leaves
Cynara scolymus Artichoke Asteraceae Leaves
Beta vulgaris Beetroot (Red Beet) Chenopodiaceae Leaves

Extraction of the crude enzyme

The healthy fresh plant parts and dried seeds were collected and cleaned thoroughly with water.
They were sliced into small parts and homogenized in Braun multimix MX 32 with distilled water and left
overnight at 11°C. The resulting homogenate was filtered through cheesecloth then centrifuged at 13,000 xg,
at 5°C for 15 min. and the supernatant was used as the crude enzyme. The most active one was used as the
crude enzyme (E,).

Enzyme assay

The standard reaction mixture contained 1% (w/v) of the substrate (Sucrose) dissolved in 0.1M
sodium acetate buffer, pH 5.0 and appreciable amount of an enzyme in a total final volume of 0.95 ml. The
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reaction mixture was incubated at 40°C in water bath for 1.0 hr. The enzyme activity was accomplished by
measurement of the liberated reducing sugar (fructose and glucose) by the procedure described by Somogyi,
[12] and Nelson [13] method, using fructose as standard.

One unit of enzyme is defined as the amount of enzyme which will catalyze the formation of one
pmole of reducing sugar (as fructose) per hr under the standard assay conditions. The specific activity is
expressed as units per mg of proteins. Relative activity was expressed as a percentage of the maximum activity
under the standard assay condition.

Protein determination

The protein concentration was determined by method of [14] using bovine serum albumin as
standard.

Partial Purification of the crude invertase

The enzyme protein was precipitated from E1 enzyme preparation by ammonium sulphate according
to the method of [15]. Adequate volume of the prepared E; enzyme was treated with different concentrations
of ammonium sulphate to yield 0-10; 10-60; 60-70 and 70-100% saturation at 11°C. Each fraction was obtained
by centrifugation at 13,000 r.p.m, 4°C for 15 mins. The resulting precipitates were dissolved in appropriate
amount of distilled water and dialyzed exhaustively against distilled water for one day at 11°C to get rid of the
excess of ammonium sulphate. Undissolved protein was removed by centrifugation before enzyme assay.
Enzyme activity and protein content were determined in each fraction. The most active fraction was used as
the partial purified enzyme (E,).

Physicochemical properties of the crude and partial purified enzymes
Effect of the different pH’s on the enzyme activity

E; and E, enzymes were assayed with different three buffering solution, namely acetate buffer, pH
3.0 -5.5, phosphate buffer, pH 6.0 — 7.5 and tris- HCL buffer, pH 8.0 — 9.2 at 0.1 M for each one for recording
pH profile under the standard assay conditions.

Activity of the enzymes at different incubation temperatures

The activities of E; and E, enzymes were determined at different incubation temperatures ranged
from 30°C to 60°C.

Thermostability

Small aliquots of E; and E, enzymes were pre-heated at different temperatures from 30°C to 90°C for
varying time intervals from 15 to 120 mins. The remaining enzymes activities were then estimated using the
standard assay conditions. Residual activity was expressed as a percentage of the initial activity under the
standard assay condition.
Effect of the different Substrate concentrations on the enzyme activities

The effect of different substrate concentrations ranging from 2.5 to 25 mg per reaction mixture on
the E; and E, enzyme activity were estimated with the same amount of the enzyme concentration. Then, the
enzymatic activity was plotted against substrate concentration. Apparent Michaelis constant (K,,) values of E;
and E, enzymes toward sucrose were determined according to the method of [16].

Determination of substrate specificity

The E; and E, enzymes activities were estimated using various disaccharides (sucrose, lactose and
maltose) and polysaccharide (inulin and cellulose). The substrates were incorporated in the reaction mixture at
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different concentration varying from 0.25 to 20 mg/reaction mixture. Relative activity was calculated as a
percentage of enzyme activity compared to the corresponding assay condition using sucrose as substrate.

Invert syrup production

The production of invert syrup was accomplished through enzymatic hydrolysis of sucrose using the
prepared E, invertase.

Digestion

The reactions were performed in a mixture containing sucrose in 0.1 M acetate buffer, pH, 5.0 with
an appreciable amount of E, invertase. The reactions were incubated at 40°C for 1.0 hr. The supernatant
(hydrolysate) were separated by centrifugation at 13,000 r.p.m, at 4°C and was used as invert syrup solution.

Determination of fructose and glucose in the digested sample (invert syrup)

The digested solution (invert syrup) was quantitatively estimated by Somogyi, [12] and [13] method
and calculated as pg fructose.

Hydrolysis measurment

Degree of hydrolysis and concentration of prepared invert syrup were calculated. Degree of
hydrolysis percentage was calculated using the following formula:

Hydrolysis (%) = TRS/S0x100,

where TRS is the total reducing sugar (glucose and fructose) in mM, So is the initial sucrose concentration in
mM.

Concentration of invert syrup = concentration of hydrolysate as fructose (mg) per 100 ml solution.
Statistical analysis
Data are expressed as the mean * standard error (+ SE) from at least three experiments.
RESULTS AND DISCUSSION

Screening study focused firstly on sources that have high invertase activity. The screening for
invertase activity was applied by using sucrose in 0.1 M acetate buffer, pH 5.0. We found that invertase
activities were estimated in pea, cactus and broad bean pods and data seeds extract. The highest value of
invertase activity was found in pea and broad bean pods (82 and 11.7 U/g dry wt. tissues, respectively). They
are members of the family leguminoseae.We also found that stems and leaves are poor in invertase activity,
where the seed of date palm have appreciable amounts of invertase activity. Thus, the enzymatic activities
were varied not only with the species of the tested plants, but also according to the morphology of the
examined parts and family type. Pea pods were chosen for further study as it shows highest invertase
activity.The aqueous extract of pea pods was taken as a crude enzyme source (E;).

Precipitation of the invertase enzyme

The ammonium sulphate fraction at 0 to 60% concentration give high invertase activity with specific
activity 168.08 U/g and high yield 85.42 % (table 2). It was taken as purified invertase, E,. Further increase of
ammonium sulfate concentration resulted in a proportional decrease or loose of invertase activity. The E, had
a high specific activity about 16 times more than of the E;.Inorganic salts can be utilized for the precipitation of
proteins, with ammonium sulfate being the most common. The advantages of ammonium sulfate are: (1) at
saturation, it is of sufficiently high molarity that it causes the precipitation of most proteins. (2) Its
concentrated solutions are generally bacteriostatic. (3) In solution it protects most proteins from denaturation
[17]. Previously, enzyme invertase was detected in healthy tomato juice and partially purified with 87.62 U/mg
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and 23.19% yield [18]. It was also detected and purified from wheat, ripe grape berries and turnip leaves [19-
21].

Table 2: Partial purification of invertase from 50 gm fresh pea pods

Enzyme Total . Total Specific .
Volume .. L. Protein . L. Yield .
Steps (mi) activity activity (mg/ml) protein activity (%) Purification fold
0
(U/ml) (V) (mg) (U/mg)

Crude

(E1) 370 1.35 499.96 0.127 47.24 10.5+0.08 100 1.0

Partial purified
invertase 52 8.24 428.58 0.049 2.55 168.08+ 0.02 85.42 15.88
(E2)

Physicochemical propeties

The properties shown by an individual enzyme depend upon its source.

Efect of pH on invertase activity

The invertase activities of E; and E,were monitored at different pHs (Fig. 1). High invertase activity
was at wide range of pH from 5.0 to 7.4 with optimum at 6.5 for both E; and E, invertase. While at pH 8.5 and
9.2, the invertase activity completely lost for E; and E, invertase, respectively. The results are agree with that
reported by Rashadet al., [22] for Saccharomyces cerevisiaeinvertase (optimum pH 6.5) and lower optimum pH

values (5.0) for invertase isolated from Oryza sativa, cherry, grape berries and tomato were reported [18,23-
25].
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Figure 1: Effect of pH on the activity of E, and E, invertase.
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Figure 2: Effect of temperature on the activity of E; and E, invertase.
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E, and E, exhibit optimum invertase activity at temperature 40°C to 45°C, respectively (Fig. 2). The
results were similar to that reported for Saccharomyces cerevisiaeinvertase [26], on the other hand these
results was higher than optimum temperature (35°C) for invertase enzyme isolated from beta vulgaris roots,
turnip leaves and tomato juice [18,21,27].

Effect of the reaction times on enzymes activities

E, and E, enzymes were incubated with sucrose for different time intervals from 10 to 190 mins for
recording time profile under the standard assay conditions. The results are summarized and graphically
illustrated in figure (3). The enzymes activity were increased proportionally in a linear manner with the
increase of the time up to 120 and 60 mins for E; and E,, respectively, beyond this time the inhibition occurred.
We concluded that increasing time may be lead to excess products, which may be inhibiting the enzyme
activity. Based on these results, all tested were conducted for 60 mins to place them in the linear portion of
the curve.

Effect of the different enzyme concentrations

The invertase activities were estimated at different concentrations of E; enzyme at range from 0.085
to 0.2554 pg per reaction mixture, while E;enzyme at range from 0.043 to 0.098 ug per R.M., with sucrose as
substrate at standard assay conditions. Then, the products were estimated and its amount of hydrolysate was
calculated as umole fructose /reaction mixture. Relation between enzyme concentration and reaction
products was plotted. Figure (4) illustrate that the enzymes activities was increased proportionally in a linear
relationship with the increase of enzyme concentration up to 0.145 ug per R.M. for E; and 0.057 ug per R.M.
for E,. From the above results, as a linear function was found with enzyme concentration in reaction mixture,
all tests conducted to place them in the linear portion of the curve.

Effect of different substrate concentration

A direct linear relationship is observed between sucrose concentration and the invertase activities of
E;and E, reach to the maximum activities at 15 and 10 mg/R.M, respectively (Fig. 5).

Determination of Michaelis’ constant (K,,) and Maximum Velocity (Vmax)

The K, values of E; and E, values were 33.33 mg (0.133 mM) and 20.83 mg (0.083 mM) toward
sucrose, respectively with V.., values of 40 and 222.2 U/mg, respectively (Fig. 6 a&b). Invertase E, has higher
affinity toward sucrose than E; invertase. Km values were lower than that reported previously [1,28,29] with
range from 25 to 90 mM and similar to that reported for Saccharomyces cerevisiaeinvertase with 0.11 mM
[22].

Substrate specificity
The substrate specificity of E; and E, invertase are represented in table (4). It illustrates that E1 and
E2 hydrolysis sucrose than lactose, maltose and inulin and cannot hydrolysis cellulose. E, invertase is probably

specific for sucrose. Thus, purified invertase is fructofuranoside and specific for hydrolyzing a 1, 2-glycosidic
linkage similar to that reported for turnip leaves and yeast invertase [21].
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Figure (3) : Effect of incubation time on the activity of E; and E, invertase.
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Figure ( 4) : Effect of E; and E, enzyme concentration on invertase activity.
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Table (3): Summarized of substrate specificity of E; and E,invertase.

Relative activity (%)
Substrate Linkage type E, E,
Sucrose al,?2- 100 100
(glucose - fructose) glucosidic
linkage
Lactose B-1,4- 0.21 3.1
(glucose — galactose) glucosidic
linkage
Maltose a-1,4- 0.01 0.68
(glucose- glucose) glucosidic
linkage
Inulin B-1,2- 0.07 3.9
(polymer of fructose) glucosidic
linkage
Cellulose B-1,4- 0.0 0.0
(polymer of glucose) glucosidic
linkage

Thermostability

The E; and E, invertase reach their maximum activities after incubation without substrate for 30
mins at temperatures up to 65°C, respectively. While after incubation E; and E; at 55°C and 60°C for 60 mins
retained only 54 and 49 % of their activities, respectively (Fig. 7 a&b). Further increase in temperature lead to
lowered activity as a result of unfolding of enzyme protein. Thus, the purified invertase E; is less heat stability
than E; one. Thermostability of our prepared enzymes was highly higher than that exhibited by the invertase
from Azotobacterchroococcum, whose half life at 60°C was 3 min [30]. Lower heat stability was reported by
Finger and Koltz [27] and Alamet al., [18] where rapid inactivation of invertase enzymes occurs at 40°C and
complete inactivation occurs at 55°C. El-Sayed and Jwanny [21] also reported that invertase enzyme from
turnip leaves was heat stable at 30°C for 30 min with only 10% loss of its activity.
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Figure (6 a) : Lineweaver - Burk plot's of E, invertase.
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Figure ( 7a):Thermostability of E, invertase.
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Figure (8b) Storage stability of E, invertase stored in distilled water at 4°C.
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Storage stability

This experiment was conducted to determine the stability of E; and E, enzymes in distilled water
during the storage for about 270 days at 4°C (fig 8a&b). The residual activities were measured by the standard
assay procedure described earlier. The activity of the enzymes was expressed as a percentage of its residual
activity compared to the initial activity. After 270 days of storage in water at 4°C, the prepared E; and E,
enzymes have lost about 3 and 11.4 % only of their initial activities, respectively. Thus, E; is more stable than
E,.

The satisfactory heat and storage stability of our E; and E, enzymes suggests that they could be
employed constructively in an industrial.Since there was not found in literature any work for storage of crude
and partial purified invertase with the similar days or relative activity, the result obtained in this search
represents the highest operational stability so far described.

Invert syrup production

Hydrolysis of sucrose using E, invertase (prepared from 100 gm fresh pea pods) under the digestion
condition mention before, we can obtain 156 mg invert sugar. The concentration of the invert solution was
23.7 % (mg/100 ml). The degree of hydrolysis value is 3.9%.

CONCLUSIONS

This study indicated that pea pods are rich in invertase enzyme. It was chosen to prepare invertase
enzyme. Pea pods are considered as a very economic source for invertase production because of its availability
as an agricultural waste. It is inexpensive raw plant source. The prepared invertase E, with high invertase
activity (168.08 U/mg) hydrolysis sucrose at wide range pH (5.0-7.4) at 45°C. It is specific for hydrolyzing a 1,2-
glycosidic linkage. E, is stable at temperature up to 65°C for 30 mins. E, is also highly stable when storage in
water at 4°C for 270 days. The prepared enzyme may be suitable for industrial application in sucrose hydrolysis
for fructose syrup production.
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