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Peroxidases are oxidoreductive enzymes that have the potential to oxidize recalcitrant organic compounds like
phenol, reducing their toxicity. Calotropis procera root peroxidase (CPrP) was isolated, characterized, and
evaluated at the laboratory scale for its ability to oxidatively degrade phenol in petroleum refinery effluent.
Ammonium sulfate precipitation, ion exchange, and gel filtration chromatography were used to purify CPrP
79-fold. Purified CPrP revealed a single polypeptide band with a molecular weight of 46.5 kDa in a single
peak. The biochemical characterization revealed that the CPrP is a thermostable enzyme, active on both tested
substrates (o-dianisidine and guaiacol) with optimum activity at 50°C and pH 6.0. The kinetic data show that
o-dianisidine is the most preferred substrate. Apart from acetone, ethylenediaminetetraacetic acid, and Hg**
which act as inhibitors of CPrP, all other tested metal ions (Mg2+, Zn2+, Cu2+, and Mn2+) exhibited slight
activation. The CPrP exhibits high efficiency to bioremediate phenol from petroleum effluent. In conclusion,
this study revealed the possibility of obtaining peroxidase from locally available bioresources with the ability to
bioremediate phenolic contaminants from petrochemical industry effluents.

1. INTRODUCTION

One of the most pressing global issues today is toxic chemical
contamination of soil, water, and air [ 1]. The petroleum exploration,
refining, and pipeline leakages in the Niger Delta region of Nigeria
have resulted in environmental pollution concern over the years
[2]. Apart from oil spillage, the discharge of effluents from
untreated and insufficiently treated wastewater of oil refineries
constitutes another potential source of environmental (water
and soil) pollution of public health concern [2,3]. Phenol and its
derivatives are widely distributed in nature as hazardous pollutants
in various industrial effluents like petroleum/petrochemical, coal
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conversion, herbicide/pesticide, synthetic rubber, paper, plastics,
and textile [4,5].

The US Environmental Protection Agency has designated phenol
as a priority pollutant with a permissible limit in wastewater
of 0.1 mg/l [6,7]. Phenol and its derivatives are among the
most dangerous and carcinogenic organic pollutants found in
refinery wastewater, and they are considered to be extremely
toxic even at low levels [6,8]. Hence, they constitute a serious
environmental challenge if discharged untreated or partially
treated from industrial effluents into water bodies or land sites
[4]. Conventional methods like adsorption on activated carbon,
microbial degradation, incineration, chemical oxidation, and use
of oxidizing agents such as UV and ozone, and solvent extraction
are usually applied to remove phenolic pollutants from wastewater
[9]. Conventional methods of phenol removal methods, on the
other hand, face major challenges such as lengthy procedures, low
performance, and the generation of certain products that are more
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toxic than the original phenolic compounds. As a result, a more
flexible alternative approach for treating a wide range of reaction
conditions with minimal to no posttreatment environmental
effects is needed [10]. Enzyme-mediated bioremediation of
effluents containing poisonous organic pollutants appears to be
more effective because enzymes have a unique ability to degrade
a wide range of pollutants to form nontoxic end products [5].
Enzymes can also transform and render a given pollutant more
amenable to treatment or even aid the transformation of waste to
value-added products [10]. The enzymatic method is simple and
easy to control; more so, it is highly efficient in the degradation of
high and low concentrations of targeted pollutants [10].

Peroxidases (EC 1.11.1.7) are heme-containing oxidoreductases
that use hydrogen peroxide as an oxidant to catalyze the oxidation
of a wide range of substrates like phenols, aromatic amines,
sulfonates, and indoles [11,12]. They have a wide variety of
industrial and biotechnological applications, one of which
includes biodegradation of toxic and carcinogenic phenolic
contaminants and related compounds in industrial effluents [13].
The horseradish peroxidase (HRP) and other plant peroxidases
have been extensively used to bioremediate phenolic compounds
from industrial wastewater [10,14]. However, the high cost of
purified HRP and other commercially available peroxidases has
made it necessary to search for other cheap and local sources
of peroxidases with comparable or better stability that can be
explored for efficient biodegradation of phenolic pollutants from
industrial effluents [13]. This approach for searching peroxidase
and other useful products from local bioresource with the potential
to remediate organic pollutants arising from petroleum effluent
would particularly be important to oil-producing countries.

Plants are a well-known source of some biotechnologically
important enzymes.

Horseradish roots, soybean seed hulls, and turnip roots, for
example, are high in enzymes like catalase, laccase, and peroxidases
[5]. Plants, such as horseradish roots, soybean seed hulls, and
turnip roots, are a significant source of commercial peroxidases.
Plants represent a major source of commercial peroxidases, such
as horseradish roots, soybean seed hulls, and turnip root [15].
However, the major limitation for the widespread application
of commercial enzymes including peroxidases especially in
developing countries is the significant cost of and instability. This
challenge can be partly surmounted by searching for an active and
stable alternative enzyme from readily abundant local bioresource
sources. This is why peroxidases have been characterized from
various plant sources such as water broccoli [16], spinach [17],
cabbage [ 18], and waste cabbage [14] in an attempt to search for
other alternatives to commercially available peroxidase. Due to
food insecurity, the new global system aims to reduce competition
with consumable plant foodstuffs for extraction of enzymes and
other useful products. Hence, exploring nonconsumable and
readily abundant local plants like Calotropis procera as a source
of peroxidase would be a better option. We earlier reported the
presence of peroxidase from C. procera leaf [19]. However, it
has been reported that peroxidases are more abundant primarily
in roots and sprouts of higher plants [15]. This study therefore
isolated, purified, and characterized peroxidase from C. procera

root and evaluated its potential to bioremediate phenol pollutant
from petroleum refinery effluent.

2. MATERIALS AND METHODS

2.1. Materials/Reagents

The effluent samples were taken from the Warri Refinery and
Petrochemical Company, a subsidiary of the Nigerian National
Petroleum Corporation, in Warri, Delta State, and placed in a
clean plastic jar. C. procera root was collected in Bauchi Local
Government Area, Bauchi State, Nigeria. Folin Ciocalteu’s reagent,
bovine serum albumin (BSA), phenol, substrates (o-dianisidine and
guaiacol), ethylenediaminetetraacetic acid (EDTA) Sephadex-G-75,
diethylaminoethyl sepharose (DEAE)-Sepharose, and acetone were
obtained from Sigma Aldrich. All other chemicals were of research-
grade and were procured from commercial sources.

2.2. Isolation of Crude Peroxidase from C. procera Root

Crude peroxidase was isolated from C. procera root according to
the method of [20] with slight modification. The fresh root of C.
procera weighing 50 g was washed under running tap water and
soaked in 100 mM Tris-HCl buffer, pH 7.5 overnight. Thereafter,
the soaked sample was homogenized with 200 ml of 100 mM Tris-
HCI buffer, pH 7.5 using Akia homogenizer. To remove suspended
particles, cheesecloth was used to filter the homogenized sample
and the filtrate was centrifuged at 10,000 g for 15 minutes at 4°C.
To obtain a clearer filtrate as crude C. procera root, the supernatant
was carefully filtered through Whatman No. 1 filter paper C.
procera root peroxidase (CPrP).

2.3. Determination of Peroxidase Activity and Protein
Concentration

Lowry method was adopted for the determination of protein
concentration [21]. The standard protein, BSA was used for the
calibration curve. The protein concentration of the unknown
sample was then extrapolated from the straight-line equation of
the plot of absorbance against the BSA concentration.

Peroxidase activity was estimated spectrophotometrically using a
time-course rate of oxidation of o-dianisidine as substrate [22].
Briefly, 2.7 ml of 100 mM phosphate buffer, pH 6.0, 0.1 ml of the
crude enzyme, and 0.1 ml of 5 mM o-dianisidine were mixed in a
test tube. Thereafter, 0.1 ml of 3% hydrogen peroxide was added
to initiate the reaction, and then the change in the absorbance
was measured every 20 seconds for 3 minutes at 460 nm (460
nm = 11.3 mM". ecm™) using UV-Vis spectrophotometer (model-
CHEBIOS s.r.1., Rome, Italy).

2.4. Purification of CPrP

2.4.1. Ammonium sulfate precipitation/dialysis of C. procera
peroxidase

Varying concentrations of ammonium sulfate salt were added to
the crude enzyme extract to achieve 60% to 90% saturation and
subjected to stirring for about 4 hours for complete precipitation.
The resulting mixture was centrifuged at 10,000 g for 15 minutes
and the pellets of precipitated protein were collected and
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resuspended in a 100 mM Tris-HCl buffer, pH 7.5. Each precipitate
was then analyzed for peroxidase activity. The peroxidase activity
of each precipitate was then determined.

After salting out the protein to eliminate excess salt and other small
molecules, dialysis via a semipermeable membrane dialysis tubule
is normally performed. The peroxidase activity of the resuspended
pellets obtained from 85% saturation was dialyzed against 0.1 M
Tris-HCI buffer solution, pH 7.5) by continuous magnetic stirring
for 12 hours with six daily buffer changes every 2 hours.

2.4.2. Ion-exchange chromatography of CPrP on DEAE-
Sepharose

An anion exchange chromatography was performed by loading
the dialyzed sample on a DEAE-Sepharose fast-flowing column
(5.0 x 5.0 cm) preequilibrated with 100 mM Tris pH 7.5. A linear
gradient of NaCl (25-100 mM) was used to elute the bound
proteins, and the fractions were eluted and collected in 2 ml
per fraction. The protein content, homogeneity, and peroxidase
activity were all measured in the fractions. The active fractions
were combined, dialyzed, and then used in the next step.

2.4.3. Gel filtration chromatography of CPrP on
Sephadex-G-75

The peroxidase-active fractions from “Ammonium sulfate
precipitation/dialysis of C. procera peroxidase” were pooled
and purified further by gel filtration chromatography on a
Sephadex-G-75 column (2.5 x 20 cm) preequilibrated with 100
mM Tris pH 7.5. The peroxidase activity and protein concentration
were calculated after fractions of purified enzyme were eluted
at a rate of 2 ml per fraction. A single fraction with the highest
activity was used as purified peroxidase for the characterization of
biochemical properties.

2.5. Characterization of Biochemical Properties of Purified
CPrP

2.5.1. Electrophoresis

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) was used to determine the purity and molecular weight
of the purified peroxidase, as described by Laemmli [23]. SDS-
PAGE was used to verify the purity of the fractions obtained after
various purification steps.

The samples and standard protein markers were loaded onto the
wells of 4% stacking gel and were resolved in 12.5% separating gel.
Dye, 0.2% Coomassie brilliant blue R-250 was used to stain gels.
Lysozyme (14 kDa), trypsin inhibitor (20 kDa), pepsin (36 kDa),
egg albumin (45 kDa), BSA (68 kD), phosphorylase b (97 kDa), and
e-galactosidase (116 kDa) were used as standard protein markers.

The samples and standard protein markers were placed into 4%
stacking gel wells and resolved in a 12.5% separating gel. 0.2%
of Coomassie brilliant blue R-250 dye was used to stain the gels.
Standard protein markers of known molecular weights included
lysozyme (14 kDa), trypsin inhibitor (20 kDa), pepsin (36 kDa),
egg albumin (45 kDa), BSA (68 kDa), phosphorylase b (97 kDa),
and e-galactosidase (116 kDa).

2.5.2. The effects of pH on activity of CPrP

Peroxidase activity was measured in 100 mM phosphate buffer at
varying pH (4-9) to determine the optimum pH of CPrP.

2.5.3. Effects of temperature on CPrP activity and stability

Peroxidase activity was measured at varying temperatures
(30°C-80°C) at 10-degree intervals to determine the optimum
temperature of CPrP.

For thermal stability, the purified CPrP was preincubated without
the substrate for 1 hour at 50°C, 60°C, 70°C, and 80°C and then
cooled on ice for 5 minutes prior to assaying for peroxidase
activity.

2.5.4. Determination of kinetic and substrate specificity of CPrP

To assess the kinetic parameters (K and V) of the CPrP,
peroxidase activity was assayed at varying concentrations (0.1-1.0
mM) of the two different substrates (o-dianisidine and guaiacol)
with 0.1 ml of purified enzyme. Reactions were initiated by the
addition of 3% of an oxidant; H,0, and absorbance measures were
converted to peroxidase activities “Determination of peroxidase
activity and protein concentration”. The plot of double reciprocal
of Michaelis—Menten equation was used to determine the kinetic
parameters.

=& /v )x/S]) + 1/V, ) (Lineweaver-Burk equation)

max- max

T T T

Y=M x X+ C (Straight-line equation)

K _ = Michaelis-Menten constant, /' = enzyme activity (also
known as initial velocity), V= maximum velocity (or reaction
rate), and [S] = substrate concentration (mM).

2.5.5. The effects of EDTA, acetone, and metal ions on the
activity of CPrP

The purified CPrP was preincubated with 5 mM concentrations
of each metal ion (Mg*", Hg*, Zn**, Cu*', and Mn*"), EDTA, and
acetone for 30 minutes at 60°C to determined their effects on the
activity of CPrP. The activity of peroxidase was then measured as in
“Determination of peroxidase activity and protein concentration”.
The control experiment was done by assaying for peroxidase
activity in the absence of metal ions, EDTA, and acetone.

2.6. Potential Application of CPrP in Oxidative Degradation
of Phenol from Petroleum Refinery Effluent

The 4-aminoantipyrene (4-AAP) method was adopted for
quantification of phenol in petroleum effluent before and after
CPrP-mediated biodegradation [24]. A phenol standard curve was
made using graded concentration (3—12 mg/l) of pure phenol. It
was anticipated that 60 minutes of incubation of effluent with
CPrP is sufficient to demonstrate significant biodegradation of
phenol. 10 ml petroleum effluent was aliquoted into a clean flask,
followed by the addition of 2 ml of 100 mM phosphate buffer (pH
6.0), 0.2 ml of 3% H,O,, and varying concentrations of partially
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purified CPrP (1, 2, and 4 ml). After incubation for 60 minutes at
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60°C, the mixture was centrifuged and the residual concentration
of phenol was assessed in the supernatant.

To determine the residual phenol concentration, 4 ml of 250 mM
sodium bicarbonate and 0.9 ml of 20.8 mM 4-AAP were added
to the supernatant and mixed vigorously. Thereafter, 0.9 ml of
83.4 mM potassium ferricyanide was added and allowed to stand
for 9 minutes after intensive mixing. Absorbance was read at A
= 510 nm and converted to concentration using the calibration
curve of phenol standard. Thereafter, the efficiency of oxidative
biodegradation of phenol from the effluent was calculated.

Percentage phenol biodegradation = (C, —C,)/C,* 100

where C = initial concentration and C, = final phenol concentration.

3. RESULTS
3.1. Purification of CPrP

Peroxidase was successfully isolated from C. procera root and
purified to a single band by ammonium sulfate precipitation,
dialysis, and chromatography (gel filtration and ion exchange).
The purity of the CPrP following ammonium sulfate and dialysis
checked by slab gel electrophoresis showed multiple bands,
which indicates the presence of multiple proteins. The sample
was subjected to further purification by DEAE-Sepharose ion-
exchange chromatography (Fig. 1) and Sephadex-G75 gel filtration
chromatography (Fig. 2). After ion-exchange chromatography, two

major fractions (F1 and F2) that exhibited peroxidase activity were
pooled, combined, and subjected to gel filtration chromatography
that resulted in a single peak (Fa) with peroxidase activity. The
Fa fraction was pooled and used as purified CPrP for subsequent
studies. The summary of the purification steps and the degree of
purification obtained at each purification step is presented in Table
1. Peroxidase from CPrP has been purified to homogeneity and
the final purification step resulted in 79-fold purification with a
recovery of 37.56%.

3.2. Characterization of Biochemical Properties of Purified
CPrP

3.2.1. Electrophoresis

The SDS-PAGE was used to verify the purity of the enzyme and to
determine its molecular weight via a slab gel electrophoresis (Fig.
3). After two steps of chromatography, SDS-PAGE analysis of the
purified peroxidase showed the existence of a single protein band.
With a molecular weight of 46.5, the single protein band indicates
that the purified peroxidase was a single band homogeneous
protein (Fig. 3).

3.2.2. Effect of pH on the CPrP activity

Figure 4 shows the effect of varying pH on the activity of CPrP.
The purified CPrP exhibited high activity within a broad range of
reaching optimal at pH 6.0 (Fig. 4).
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Figure 1: Ton exchange chromatographic elution profile of CPrP purification
on DEAE-Sepharose column. The dialyzed fraction was loaded on DEAE-
Sepharose column preequilibrated with 0.1 M Tris pH 7.5. The bound proteins
were eluted with a linear gradient of NaCl (25-100 mM) and the fractions were
collected at a flow rate of 2 ml/tube. Protein elution profile was monitored by
peroxidase activity and protein concentration.

Table 1: Summary of purification of CPrP.

Purification step Total enzyme

activity (U)
Crude extract 764.66
(NH,),SO, Precipitation 653.10
DEAE-Sepharose chromatography 343.20
Gel filtration (Sephadex G-75) chromatography 287.25
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Figure 2: Gel filtration chromatographic elution profile of CPrP purification
on Sephadex G-75 column. The active fractions (F1 and F3) from ion exchange
chromatography were pooled, combined, dialyzed, and loaded on Sephadex
G-75 column pre-equilibrated with elution buffer 100 mM Tris-HCI buffer, pH
7.0. Protein elution profile was monitored by peroxidase activity and protein

concentration.

Tota(lnl:;;)tein Spec(iUﬁlcngflt)ivity Recovery (%) Purification fold
216.33 3.53 100.00 1.00
66.69 9.79 85.41 2.77
13.02 26.36 44.90 7.47

1.03 287.88 37.56 79.00
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Figure 3: Photographic representation of SDS-PAGE analysis of CPrP.
Coomassie brilliant blue R-250 was used for staining. L1: molecular weight
markers, L2: extract after (NH,),SO, and dialysis, L3: purified Colotropis
procera root peroxidase after ion exchange and gel filtration chromatography.
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Figure 4: Effect of pH on the CPrP. In order to determine the optimum pH,
peroxidase activity was assayed at varying pH (4-9). Peroxidase activity was
assayed using o-dianinsidine (5 mM) as substrate. Each reaction was initiated
by the addition of 3% of H,0, to the reaction mixture containing 2.7 ml of 0.1
M phosphate buffer solution (pH 6.0), plus 100 pl of crude enzyme and 100 pl
of substrate and change in A460 was monitored immediately after starting the

reaction at 20-second interval for 3 minutes.

3.2.3. Effect of temperature on the CPrP activity and stability
The peroxidase activity of the purified CPrP increased

progressively with an increase in temperature, reaching optimum
at 60°C and then declined gradually (Fig. 5).

The result of thermostability studies showed that CPrP is a
relatively thermostable peroxidase at the tested temperatures with
over 80% activity retained at 50 and 60°C (Fig. 6). However, only
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Figure 5: Effect of varying temperature on the CPrP activity. In order to
determine the optimum temperature, peroxidase activity was assayed at
varying temperatures (30°C, 40°C, 50°C, 60°C, 70°C, and 80°C). Peroxidase
activity was assayed using o-dianinsidine (5 mM) as substrate. Each
reaction was initiated by the addition of 3% of H,0O, to the reaction mixture
containing 2.7 ml of 0.1 M Phosphate buffer solution (pH 6.0), plus 100 pl
of crude enzyme, and 100 pl of substrate and change in A460 was monitored
immediately after starting the reaction at 20-second intervals for 3 minutes.
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Figure 6: Thermal stability of CPrP. CPrP was incubated at 50°C, 60°C, 70°C,
and 80°C for 1 hour and then cooled on ice for 5 minutes prior to assay for
peroxidase activity. Residual peroxidase activities were assayed as usual using
o-dianinsidine (5 mM) as substrate. Each reaction was initiated by the addition
of 3% of H,0, to the reaction mixture containing 2.7 ml of 0.1 M phosphate
buffer solution (pH 6.0), plus 100 pul of crude enzyme, and 100 pl of substrate
and change in A460 was monitored immediately after starting the reaction at
20-second intervals for 3 minutes.

14% of the original activity was retained at the highest tested
temperature (80°C).

3.2.4. Kinetics and substrate specificity of CPrP

Table 2 shows the K and V__ values for CPrP, which were
calculated from the straight-line equation of a plot of 1/} against
1/[S] using guaiacol and o-dianisidine substrate (Figs. 7 and 8).
The kinetic data revealed that the purified CPrP exhibited the
highest turnover rate toward o-dianisidine with V__ of 78,740
umole/minute. as against 45,871 pmole/minute. for guaiacol. The
o-dianisidine had lower K_ (3.755 mM) which suggests a better
binding affinity for CPrP than the guaiacol with a higher K _value
of 12.560 mM.



106 Joel et al.: Journal of Applied Biology & Biotechnology 2021;9(05):101-109

Table 2: Kinetic parameters of CPrP.

Kinetic parameters

Substrate
K (mM) V. o (mM/minute)
O-dianisidine 3.755 78.740
Guaiacol 12.560 45.871

The kinetic parameters (K and V) were calculated from the equation of straight line
(Figs. 7 and 8):

VSTV SR ER V1) B VA S— (Lineweaver—Burk equation)
Tt 1 1
Y= M U G S o S — (equation of straight line)

where K Michaelis-Menten constant for substrate (mM), /= Enzyme activity (Initial rate
of reaction) (umole/min.ml), ¥, = Maximum rate of reaction, and [S] = concentration of
substrate (mM).
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Figure 7: Lineweaver—Burk plot for CPrP using guaiacol as substrate.
Peroxidase activity was assayed at varying concentrations of guaiacol
(0.1-1.0 mM). The reciprocal of the primary (peroxidase activity vs. substrate
concentration) was fitted to the Lineweaver—Burk plot. Each reaction was
initiated by the addition of 3% of H,0O, to the reaction mixture containing 2.7
ml of 0.1 M Phosphate buffer solution (pH 6.0), plus 100 ul of crude enzyme,
and 100 pl of substrate and change in A460 was monitored immediately after
starting the reaction at 20-second intervals for 3 minutes.

3.2.5. Effects of metal ions, EDTA, organic solvent (acetone) on
the activity of CPrP

The analyses of the effect of the divalent cations, acetone, and
EDTA on CPrP activity revealed that Hg*" (the only metal ion),
acetone, and EDTA inhibited the purified enzyme (Table 3).
However, all other tested metal ions exerted a slight activation
effect on CPrP activity (Table 3).

3.3. Potential Application of CPrP in Biodegradation of
Phenol from Petroleum waste Effluent

The mean phenol concentration in the petroleum effluent sample
before CPrP-mediated treatment was estimated to be 19.4 mg/l. An
increase in efficiency of petroleum effluent phenol biodegradation
with an increase in concentrations of purified enzyme suggests
that CPrP is responsible for biodegradation (Table 4). The CPrP
exhibited high efficiency for phenol removal from the effluent
with up to 85% phenol biodegradation at the highest tested
enzyme concentration after 60 minutes. Figure 9 shows the phenol

=
=8

1/[o-dianisidine]

Figure 8: Lineweaver—Burk plot CPrP using o-dianisidine as substrate.
Peroxidase activity was assayed at varying concentrations of o-dianisidine
(0.1-1.0 mM). The reciprocal of the primary (peroxidase activity vs. substrate
concentration) were fitted to the Lineweaver—Burk plot. Each reaction was
initiated by the addition of 3% of H,0, to the reaction mixture containing 2.7
ml of 0.1 M phosphate buffer solution (pH 6.0), plus 100 pl of crude enzyme,
and 100 pl of substrate and change in A460 was monitored immediately after
starting the reaction at 20-second intervals for 3 minutes.

Table 3: Effects of metal ions, organic solvent (acetone), and chemicals

(EDTA and urea) on CPrP.

Meta ions, acetone and

Peroxidase activity

EDTA (5 mM) (mmole/minute) Residual activity (%)
Control (No reagent) 8.7 100
HgSO, 4.626316 53.17604
MgSO, 8.921053 102.5408
ZnSO, 8.842105 101.6334
CuSO, 8.842105 101.6334
MnCl, 9.473684 108.8929
EDTA 6.457895 74.22868
Acetone 6.868421 78.94737

The effect of metal ions/chemicals on peroxidase activity was determined by pre-incubating the CPrP
with individual divalent metal ion (Mg*, Hg*, Zn*, Cu*, and Mn*), EDTA and acetone a final
concentration of 5 mM for 30 minutes at 60°C prior to starting the reaction. The peroxidase activity in the
absence of metal ion and EDTA and acetone was taken as the control.

Residual peroxidase activities (%) were calculated as = (peroxidase activity the presence of metal ion
and EDTA and acetone /the peroxidase activity in the absence of metal ion and EDTA and acetone)* 100

calibration curve used to extrapolating the phenol concentration
before and after the enzymatic treatment of the effluent sample.

4. DISCUSSION

Peroxidase was partially purified and characterized from C. procera
root and its practical application in biodegradation of petroleum
waste effluent was tested. The purification fold and yield are quite
high when compared to the one reported for peroxidase from C.
procera leaves [19], Brassica oleracea L. var. italica stems [16],
and Phoenix dactylifera L. leaves [25]. However, the purity of CPrP
was lower than that of Moringa oleifera leaves peroxidase; this
could be due to more purification steps used as reported by Khatun
et al. [26]. The molecular weight of the majority of monomeric plant
peroxidases varies from 30 to 60 kDa [26,27]. Findings from this
study indicate that the CPrP is a monomer with a molecular weight
of'46.5 kDa as against reported (values for pother plant peroxidases)
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Table 4: Effect of CPrP on phenol removal from petroleum waste effluent

Initial phenol conc. from Industrial effluent + Final phenol conc. % Residual phenol % Phenol biodegradation or
industrial effluent (mg/L) partially purified CPrP (ml) (mg/l) conc. removal

19.4 0 19.38051 100 0.10043966

19.4 0.1 13.55331 69.93266 30.1375834

19.4 0.2 7.762868 40.05501 59.9852183

19.4 0.4 2.854779 14.73015 85.2846422

The efficiency of phenol removal was calculated by comparing phenol concentration in post-reaction mixture to the phenol concentration in the untreated petroleum effluent.

The efficiency of phenol removal (% removal) was thus calculated as follows:
% Phenol removal = (C, .. —C. )/C, . * 100.

where C, . is the initial concentration (mg/l) and C,_, is the final phenol concentration (mg/1).
The absorbances obtained were used to calculate the corresponding phenol concentrations from the equation of straight line (Fig. 9).
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Figure 9: Phenol calibration curve. In order to quantify the phenol in industrial
effluent before and after CPrP treatment a standard curve was made using
3-12 mg/1 pure phenol. To determine the residual phenol concentration, 4 ml
0f 0.25 M sodium bicarbonate and 0.9 ml of 20.8 mM 4-aminoantipyrene were
added to the samples. After vigorous mixing, 0.9 ml of 83.4 mM potassium
ferricyanide was added, mixed, and allowed to stand for 9 minutes. Absorbance
was measured at 510 nm using ultraviolet-visible (UV-vis) spectrophotometer
and converted to concentration using calibration curve.

42 kDa for Caralluma umbellata [28], 43 kDa for M. oleifera leaves
[26], and 46.5 kDa for vanilla bean [29].

The optimum temperature and pH of an enzyme are influenced
by the source of an enzyme. The optimum temperature and pH
are common intrinsic enzyme properties for the biochemical
characterization of enzymes. The optimum pH CPrP was similar
to that obtained for peroxidase from C. procera leaves in our
previous work [19]. According to previous research, the majority
of the characterized plant peroxidases from various sources have
optimum activity in the pH range of 4.5-6.5 [30,31]. The optimum
temperature of CPrP reported in this work is similar to that of C.
procera leaves peroxidase in our previous work and that for M.
oleifera leaves peroxidase [19,26]. The thermal stability profile
suggests that CPrP is a thermostable enzyme. The instability of
CPrP at extremely high temperatures could likely be due to the
unfolding of the protein tertiary structure [25].

Mn?", Cu*, Mg?', and Zn?>" slight activation of purified CPrP
activity in a similar trend with the peroxidase of P. dactylifera L.
[32]. The inhibitory effects of Hg?" and EDTA follow a similar
trend to our previous report for peroxidase from C. procera
leaves [19] and M. oleifera leaves peroxidase [26]. It has been

documented that Hg?" exerts its inhibitory effect on protein
enzymes via binding to sulfhydryl groups at the active site of
the enzyme, thus irreversibly inactivating the enzymes [33]. A
well-known chelating agent, EDTA, usually exerts its inhibitory
effect by chelating Fe?* of heme-active center that is essential for
catalysis of peroxidases [34].

Peroxidases usually catalyze the oxidation of a broad range of
substrates in the presence of hydrogen peroxide [35]. The purified CPrP
was active on both the two tested substrates exhibited with distinctive
preference under similar assay conditions. The o-dianisidine reported
in this study as the most preferred substrate is similar to date palm
leaves (P. dactylifera L.) peroxidase [25]. The distinctive substrate
specificity could be due to the difference in the chemical nature of
the substrates [36]. The kinetic data revealed a high ¥ and low
K, which signifies a high catalytic activity and affinity of CPrP for
o-dianisidine than guaiacol. The kinetic data follow a similar trend
with that of date palm leaves (P. dactylifera L.) peroxidase [25].

The ability of peroxidases to catalyze the oxidation of various
aromatic pollutants has been utilized for practical application in
the bioremediation of organic contaminants like phenol and their
derivatives from industrial effluents. Peroxidases are associated
with the bioremediation of phenol from industrial effluent [37].
We recently characterized waste cabbage (B. oleracea capitata L.)
peroxidase and also demonstrate its potential to degrade azo dyes
and phenol from wastewater [ 14]. Findings from this study suggest
that CPrP exhibits a high potential for bioremediation of phenol
from petroleum refinery effluent. The capability of CPrP to degrade
phenol from effluent was carried out under optimum reaction
conditions established from the characterization of biochemical
properties. The increase in percentage phenol removal with an
increase in the concentration of the purified enzyme is an indication
that CPrP was responsible for the biodegradation of phenol from
petroleum effluent. The percentage removal of phenol by CPrP was
quite better than our recent report for waste cabbage peroxidase
[14]. However, the percentage of degradation of phenol by CPrP
was lower than the values reported for horseradish (drmoracia
rusticana) peroxidase [38] and immobilized turnip peroxidase
[39]. Therefore, this variation in percentage biodegradation of
phenol reported by various researchers could be due to variation
in level purification, the concentration of enzymes, reaction time,
native/immobilized enzyme, and addition of polyethylene glycol
to the reaction medium. Having established the potential of
peroxidase to degrade toxic pollutant phenol, findings from this
work offer recommendations for further studies on the stability and
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immobilization to protect and improve the catalytic efficiency of the
enzyme to know its suitability for practical industrial application.

Calotropis procera is a drought-resistant local plant that grows
wild in the natural habitat of Nigerian throughout the year.
Therefore, C. procera root could be an environmentally sustainable
source of peroxidase for a low technological solution for phenol
remediation.

5. CONCLUSION

In our quest to mitigate environmental pollution, this research
project initiative targets mining of low-cost enzymes with potential
for practical industrial application as a strategy to remediate the oil
spillage polluted sites in the Niger Delta region of Nigeria. Some
of the important properties of an enzyme required for industrial
biocatalysis are that they are the local and readily abundant source,
wide substrate specificity, and thermal stability. C. procera that is a
drought-resistant local plant that grows wild in the natural habitat
of Nigerian throughout the year could be a good and cheap source
of peroxidase with a promising potential to remediate phenolic
polluted water and soil.

This study demonstrated that CPrP with high catalytic activity and
thermal stability which is obtained from a readily abundant root
of C. procera exhibits potential for remediation of phenol from
petroleum refinery effluent in the laboratory. Hence, CPrP could
be a prospective and viable tool for oxidizing various organic
phenolic contaminants of industrial wastes.
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