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ABSTRACT

Peroxidase from Sun melon, was purified by ion exchange chromatography and its biochemical
characterization has been done in the present study. Purification fold achieved was 22.56. The enzyme was
characterized for its effect on pH, temperature, metal ions, organic solvents and kinetic parameters has also
been evaluated using guaiacol and H»O; as substrates. Sun melon peroxidase has shown its optimum activity
at pH 6 and at temperature 25°C. The values for km for Sun melon peroxidase were 0.216 mM for guaiacol,
respectively. The enzyme was found to be resistant against all concentration of urea. Also, it has been
observed that the Sun melon peroxidase was found to be slightly affected against commonly used organic
solvents such as ethanol, methanol, acetone, acetonitrile and n-propanol. These properties of Sun melon
peroxidase suggests that it can be a promising enzyme for various analytical as well as industrial
applications.
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INTRODUCTION

Sun melon, Cucumis melo also known as melon, is a species of Cucumis that has been developed into many
cultivated varieties. The tropical fruit which is native to Southeast Asia belongs to Rutaceae family. It is
fleshy with characteristic aroma and taste. Due to its notable pharmacological effects, it is considered to be
one of the valuable fruits amongst the people. The fruit has outstanding medicinal uses and since an era
employed as major components in Ayurveda. The fruit is found to contains anti-hyperlipidemic agents
which can be comparable to atorvastin in animals which has been beneficial in cardiovascular health
(G.Adebayo-Gege, 2022) the curbitacin B also has anti-inflammatory responses. Seasonal availability of
sun melon fruit is mostly responsible for lack of awareness about its health benefits. The fruit comprises of
ample amount of antioxidants required for proper functioning of the human body. Sun melon fruit juice
serves various health benefits and its pleasant aroma and taste makes it a better choice for its consumption
Researchers have widely reported the proximate composition as well as bioactive constituents in sun melon,
however the knowledge regarding the composition of vastly occurring enzymes from sun melon juice is
rarely reported. Peroxidases are amongst one of those enzymes which plays a key role in the functioning of
many fruits and vegetables studied so far. Peroxidases (PODs, EC 1.11.1.7) are the enzymes which oxidize
various compounds in presence of hydrogen peroxide. They are ubiquitously present in the nature.
Peroxidases plays a major role in plant growth and development, wound healing, auxin metabolism, fruit
ripening and disease resistance. Non-animal peroxidases are categorized into three classes on the basis of
sequence homology and location: Class I intracellular PODs (e.g., bacterial peroxidase, yeast cytochrome
C peroxidase and ascorbate peroxidase), Class II fungal PODs (lignin and manganese peroxidase) and class
III consists of plant PODs such as Horse raddish peroxidase (Welinder, 1992).Class III peroxidase are single
chain proteins which are often glycosylated, and found to oxidize a wide range of phenolic compounds such
as guaiacol, pyrogallol, catechol, catechin etc. High catalytic activity of these peroxidases makes their way
in various food processing and industrial applications as well as clinical analysis purpose (Al-sanaidy et al.,
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2011). High substrate specificity of peroxidase makes the enzyme useful for waste water treatment as well
as in industrial effluent treatment (Wagner ef al., 2002; Hussain et al., 2008).

Sun melon fruit has tremendous amount of peroxidase enzyme and hence the present study focuses on
purification and characterization of this enormously available enzyme in sunmelon. No reports are till now
available on the study of peroxidase from sun melon, hence the work has been proposed to intervene into
the objectives of purifying and characterizing one of the industrially valuable enzyme. Peroxidases are most
commonly used in the construction of biosensors as well as in various analytical applications such as
ELISA. Some of the other applications of the peroxidases includes determination of lipid peroxidation value
in cell membranes and in meat food products, in catalyzing the polymerization and precipitation of aqueous
phenols and decolorization of bleach plant effluent by hydrogen peroxide.

MATERIALS AND METHODS

2.1 Materials:

Firstly, the sun melon was collected from nearby fruit market from Kalyan, Maharashtra, India. Fully ripe
sunmelon fruit is yellowish in colour with yellowish white pulp. Hence the stage of the fruit was decided
on the basis of yellowish outer covering and was utilized for the further studies. Guaiacol, and hydrogen
peroxide were purchased from M/s SRL Pvt. Ltd., Mumbai, India. All the other chemicals used were of
reagent grade.

2.2. Peroxidase extraction:

The fruit was washed thoroughly first the peel of the fruit was removed and weighed and was suspended in
1:3 proportions (w/v) of 10mM of cold sodium phosphate buffer of pH 7.0. The mixture was then blended
and the mixture was then filtered using a muslin cloth. And the filtered extract was taken as the crude extract
of the fruit (enzyme extract). The conditions were maintained throughout 4°C.

2.2 Peroxidase Assay:

Assay was performed using colorimeter at 470nm.The reaction mixture included 0.05 M phosphate buffer
(2.73ml), 1% hydrogen peroxide (0.1) ml, 4% guaiacol (0.15) ml. After the enzyme sample was added. The
reaction was monitored for 120sec and the activity was determined from the linear part of the curve. One
unit of peroxidase activity is defined as the change in absorbance of 0.001 min™'.

2.3 Peroxidase purification:

Sun melon POD crude was subjected to ammonium sulphate at 0-80 % concentration for salting out. The
enzyme precipitate was then collected by centrifuging at 5000 rpm for 10 mins and then dissolved in 10mM
sodium phosphate buffer. Removal of excess salt is perquisite as it then interferes with the purification runs.
Dialysis was performed using 0.02 M phosphate buffer for 24 hrs. And the dialyzed sample was then
assayed for POD activity.

Ion Exchange Chromatography was followed after ammonium sulphate precipitation. Amberlite IR 120
resin was used for purifying the enzyme using a glass column. The resins were activating using 20Mm
phosphate buffer then added into the column. The 20mM phosphate buffer with 8.8 % NaCl was used as
the elution buffer,5ml of dialyzed sample was added and fraction were collected in the Eppendorf tubes at
fraction time 1ml/min and 1ml/2min.The assay was done and pooled later on.

Proteins were determined using Folin’s method using BSA as standard (Lowry, 1951).

2.4 pH optima determination:

pH optima for peroxidase enzyme was determined by performing enzyme assay using following buffers of
the pH ranging from 4 to 8: 50mM acetate buffer (pH: 4,5,6), 50mM Phosphate buffer (pH: 7) and 50mM
Tris- HCL buffer (pH: 8&9). The reaction mixture was comprised of buffers with respective pH, Guaiacol
and H202 as substrates. The experiment was performed in triplicates.

pH stability profile was investigated by incubating the purified enzyme with buffers of different pH for 1hr
and residual activity was calculated using the given formula:

Ct
Residual activity % = o x 100
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2.5 Temperature optima determination:

Optimum temperature of the purified enzyme was determined by incubating the reaction mixture at varied
temperature ranges from 15 to 75°C. In order to determine thermal stability the enzyme solution was
incubated at various temperatures (15-75 °C) for 30 minutes. Enzyme was then cooled in ice water for 5
minutes and then assayed for residual enzyme activity.

2.6 Effect of substrate concentration

Different concentrations of guaiacol were made and their effect on enzyme activity was analyzed.

2.7 Effect of metal ions

Purified enzyme was pre-incubated for 2hrs at 25°C with various metal ions (Cu2+, Ba2+, Mn2+, Fe2+ and
Mg2+) following residual activity measurement. Assays were repeated three times.

2.8 Effect of various compounds:

Purified enzyme (50 ng) was incubated for 2hrs at 25°C with various compounds (Urea, EDTA, SDS, citric
acid and oxalic acid). After incubation, the residual activity was assayed as described above. All
experiments were repeated three times.

2.9 Effect of organic solvents

Purified enzyme was incubated in various organic solvents (25%, v/v) for Shrs at 25°C with constant
shaking on rocking platform shaker. After incubation, residual activity was measured as described above.
Assays were repeated three times.

RESULTS AND DISCUSSION

3.1. Purification of peroxidase

Peroxidase from Sun melon fruit pulp was extracted as crude extract and purified through successive steps
of ammonium sulphate fractionation followed by dialysis to remove excess salt and the sample was further
purified by ion exchange chromatography. The purification chart for sun melon peroxidase is given in Table
1. Peroxidase was purified to 22.6 folds and specific activity 12121.2 Units/mg protein.

Table 1: Stepwise purification profile of sun melon POD

Step total protein (mg)  |total activity (U)  specific activity (U/mg) fold purity
crude 33.5 18,000 537.3

dialyzed 97.5 5,70,000 5846 10.8

ion exchange [19.8 2,40,000 12121.2 22.6
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Figure 1: Folin Lowry Protein Estimation
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3.2. pH optima and pH stability determination:

pH is a determining factor in the expression of enzymatic activity as it alters the ionization states of amino
acid side chains or the ionization of the substrate (Voet and Voet, 1990). The pH optima for sun melon
peroxidase was shown in fig. 2. It was clearly observed that sun melon peroxidase is showing optimum at
pH 6.0.

Sun melon peroxidase was found to be stable in only pH of buffer 6.0 retaining almost 100% of its activity
(Fig.2). Extreme acidic pH of 4.0 retained only around 25% of the enzyme activity and similar inhibitory
effect was seen at extreme basic pH of 8.0 of the peroxidase activity was observed. Lopez and Burgos,
(1995) have reported that the heme group present in the peroxidase’s active site was pH dependent and gets
released easily at very low or high pH values leading to the loss of enzyme activity. Reaction catalysis and
enzyme substrate binding depends upon the nature of active site, as the active site is composed of various
ionic groups which maintains the proper enzyme confirmation (Whitaker, 1994).
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Figure.3. Determination of Temperature optima of Sun melon peroxidase
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3.3. Temperature activity profile

From the present study it has been observed that the optimum temperature for sun melon peroxidase is 25°C
(Fig.4). Optimum temperatures of some plant peroxidases fall in the similar ranges, Suzuki et al., (2006)
has found the temperature optima of 10-30°C for buckweed seed peroxidase. Turnip peroxidase has the
temperature optima of 35°C. Variability has been observed in the temperature optima profiles of various
plant peroxidases. A. sativum, S. melongena, peroxidases have temperatures optima 35 °C, 84 °C,
respectively. (Marzouki ef al., 2005; Vernvawal et al., 2000).

3.4. Effect of substrate concentration on enzymes

The purified sun melon peroxidase has shown typical Michalis-Menton kinetics for both Guaiacol (Fig.6)
Km and Vmax values were obtained from substrate saturation curve by interpolating the values of substrate
concentration and against enzyme activity values.

Km values for sun melon peroxidase has been found to be 0.216mM for guaiacol substrates respectively.
These values were found to be lower than those reported for green peas (Km values for guaiacol/ H,O;, —
10.8 mM (pH 5.0) and 10.8 mM (pH 6.0) for C1 and C2, isozymes) and turnip roots (3.7 mM). The general
consideration is lower the km value higher is the affinity of the enzyme for substrate. Hence, it has been
observed that sun melon peroxidase showed higher substrate affinity as compared to other peroxidases
previously reported.
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Figure.4. Effect of substrate concentration (Guaiacol)

3.5. Effect of various compounds

Compounds such as EDTA (10 mM, 20 mM) and oxalic acid (5 mM) has shown increased enzyme activity
in concentration dependent manner. It was found that the enzyme was resistant against urea of all
concentrations, EDTA 1mM, oxalic acid 10Mm, and SDS at 0.5 and 4 %. Such high tolerance against urea
has also been reported for M. charanha peroxidase (Feng Cai et al., 2012). Oxalate 20mM and citric acid
20 mM has complex inhibitory effect on peroxidase activity.
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Table 2. Effect of various compounds on enzyme activity
Inhibitors (1hr incubation) Residual activity %

control 100+£3.4
2mM urea 98.4£8.0
4mM 95.1+3.5
SmM 97.6+2.3
SmM Citric Acid 92.7+£20.7
10mM 91.9+12.7
20mM 70.7£17.3
EDTA 1mM 98.4+3.5
10mM 103.3+£0.6
20mM 101.6+4.1
SmM Oxalic Acid 101.6+4.1
10mM 95.9+2.3
20mM 39.8+19.5
0.5% SDS 99.2+0.0
2% 78.0+4.6
4% 94.3+2.3

3.6. Effect of Metal ions
Sun melon peroxidase was incubated with various metal ions, the residual activity was shown in table 3.
POD was found to be increased by Mn++, Mg++,Bat+,Fe++, and Cut+ metal ions. As sun melon
peroxidase has shown increased activity in presence of these metal ions indicates its significant applicability
in various industrial processes.

Table 3. Effect of Metal ions on peroxidase activity

Metal ions (10mM) Residual activity %

Control 100+0

Ba 165.9+0
Mg 152.1+0
Fe 101.4+0
Mn 170.5+0
Cu 175.1£0

3.7. Effect of organic solvent

Sun melon peroxidase was found to be affected significantly against various organic solvents (Table 4).
Around 90% of activity was found to be reduced during Shrs of incubation with ethanol and methanol,
acetone, acetonitrile and n-propanol. All of these solvents has shown inhibitory effect by decreasing the
activity of peroxidase.
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Table 4. Effect of organic solvents on peroxidase activity
organic solvents Residual activity % polarity index solubility in water %

Control 100+9.43

n-propanol 3.33+4.71 4

Acetone 0+0 5.1 100

methanol 6.67+0.00 5.1 100

Ethanol 16.67+4.71 5.2 100

acetonitrile 0+0 5.8 100
CONCLUSION

Peroxidases are gaining attention because of its wide applicability in the fields of biotechnology,
biochemistry, molecular biology, animal physiology, etc. Peroxidase from sun melon was found to be
unique due to its high activity, excellent pH stability, stabilities in presence of various metal ions and
various other compounds makes this enzyme a choice of enzyme for industrial purpose. Optima values for
pH and temperature was found to be 6 and 25°C respectively. Peroxidase activity was found to be activated
by divalent cations such as Mn++, Pb++. Organic solvents such as ethanol, methanol, acetone, acetonitrile
and n-propanol remarkably affected the activity of sun melon peroxidase. Future work can be done for the
cloning and sequencing the structural gene of this enzyme, leading to high level production and expression
of enzyme.
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