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Abstract

Peroxidases have ability to catalyze redox reaction of a wide range of phenolic as well as non-phenolic compounds
and exhibited various physiological roles in plant life cycle. From the point of view of industrial applications of peroxidases,
the isolation and characterization of peroxidases offering resistance to higher pH and temperature, salts, organic solvents
is highly desirable. In this direction, a partial cDNA clone of peroxidase from lemon was isolated and characterized. The
peroxidase was found to be defense associated as evident by the higher expression in diseased condition than that
of healthy one at both the transcript and enzymatic activity levels. This defense related peroxidase from lemon leaves
was purified to homogeneity using quick two step processes of heat treatment and affinity chromatography. The native
peroxidase was found to be a heterotrimer of 200 kDa, consisting of two subunits each of 66 kDa while, one subunit of
70 kDa. The purified peroxidase was found to be stable towards heat (retained 92% activity at 80°C for 1 h) and organic
solvents, namely ethanol, methanol and isopropanol (retained 30-50% activity in the presence of 50% (v/v) of these
solvents for 1 h). Purified peroxidase also exhibited tolerance to heavy metal ions such as Cd?*, Ni?* and Cs?*. The
purified lemon peroxidase was found to efficiently oxidize the industrial dyes in the order of aniline blue>methyl orange>
indigo carmine >trypan blue > crystal violet, such that 40-54% dye decolorization was observed within 4 h. Thus, the

properties exhibited by purified lemon peroxidase make it a promising candidate enzyme for industrial exploitation.

Keywords: Defense response; Dye decolorization; Peroxidase;
Thermo-stability

Introduction

Peroxidases are one of the major H,0, decomposing enzymes and
have ability to catalyze redox reaction of a wide range of phenolic as
well as non-phenolic compounds. On the basis of presence or absence
of heme, the peroxidases have been classified into heme and non-
heme peroxidases [1] Heme peroxidases have further been assigned
into two superfamilies, namely peroxidase-cyclooxygenase (PCOX)
superfamily and the peroxidase-catalase (PCAT) superfamily [2,3].
The peroxidases belonging to PCOX superfamily exclusively contain
animal peroxidases which have been suggested to be involved in the
innate immunity, defense responses etc. [4]. The myeloperoxidase,
eosinophil peroxidase, lactoperoxidase, etc. are examples of peroxidases
belonging to this family. The PCAT superfamily is the most intensively
studied superfamily of non-animal heme peroxidases. The non-animal
peroxidases have further been sub-divided into three classes namely,
class I, II and III [5]. Class I peroxidases exhibited major role in
oxidative stress i.e. detoxification of ROS [6]. They include cytochrome
¢ peroxidase, ascorbate peroxidase and catalase peroxidase. The class II
peroxidases, exclusively containing fungal peroxidases, have major
role in lignin biodegradation [7]. They include lignin peroxidases,
manganese peroxidases and versatile peroxidases. The class III
peroxidases are widely distributed in plant kingdom [8]. They
include horseradish peroxidase (HRP), peanut peroxidase, soybean
peroxidase, etc.

The class IIT plant peroxidases have been reported to play crucial
roles in the plant life cycle [13] such as cell wall metabolism [9],
lignification [10], suberization [11], auxins metabolism [12], wound
healing, reactive oxygen species (ROS) and reactive nitrogen species
(RNS) metabolism [13,14], fruit growth and ripening [15], defense
against pathogens [16] etc.

Peroxidases are significant enzymes from the point of view of
their medicinal, biochemical, immunological, biotechnological and
industrial applications [17]. Thus, peroxidases have been shown to

have great potential in the decolorization process to decrease textile
industry pollutant residues [18]. HRP is reported to degrade phenol
and substituted phenols via a free radical polymerization mechanism
and can be effective in degrading and precipitating industrially
important azo dyes [19]. Subramaniam, et al, [20] have also suggested
the Bitter Gourd peroxidase, as a dye decolorizing peroxidase that could
be used in treatment of effluents with dyes from tanning industries.
Uses of some peroxidases, such as horseradish, Brassica campestres,
turnip, tomato etc. for degrading and detoxifying polyaromatic
hydrocarbons, polychlorinated biphenyls, have been attempted
[21,22]. Some peroxidases have also been reported for removal of
phenolic compounds from synthetic model effluents and also from
real industrial effluents [19,23]. Peroxidases have also been reported
to have immense potential and wide spread application as biosensors
[23]. The importance of peroxidases in polymer chemistry is based on
their ability to oxidize a variety of phenolic molecules which provide
ideal sites for cross-linking leading to polymerization reactions. The
grafting applications become an important industrial application of
peroxidases [24].

Peroxidases have been purified and characterized from a number
of sources like tea, horseradish, soybean, Lycopersicon esculentum, Beta
vulgaris, etc. [25-29]. Native structure of plant peroxidases are reported
to vary from being monomeric to multimeric (either homo- or hetero-
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meric). Thus, the well characterized class III peroxidase, i.e. HRP is
a monomeric protein of 40 kDa. Peroxidase from Roystonea regia is
a homodimeric protein consisting of 51 kDa subunit each, while the
tomato peroxidase is reported to be a heterodimeric protein consisting
of 63 and 57 kDa subunit each [28,30]. The Leucaena leucocephala
peroxidase, on the other hand, is reported to be a heterotrimeric
protein consisting of two subunits each of 67 kDa and one subunit of 58
kDa [31]. Peroxidases are reported to have broad substrate specificity
exhibiting wide variation in Michaelis-Menten constant (Km) values
for their substrates. Thus, the peroxidases isolated from different sources
such as Carica papaya, Leucaena leucocephala, lettuce, exhibited Km
for guaiacol as 0.8, 2.9, 4.74 mM etc., respectively [31,32]. Similarly, the
Km for H,0, are reported to be 0.25 mM for Carica papaya peroxidase
[32], 1.2 mM for Ficus sycomorus latex peroxidase [33] and 5.6 mM
for Leucaena leucocephala peroxidase [31]. With regards to optimum
pH for plant peroxidases, the source as well as tissue specific variability
have been reported in literature. Thus, for example, peroxidase from
potato, Vigna sp., exhibited optimum pH of 5.0 [34,35], while the
peroxidases isolated from carrot, raddish exhibited optimum activity
at pH 6.0 [34,36]. Similarly, the optimum temperature for most of the
peroxidases varied greatly. For example, the optimum temperature of
peroxidases from Carica papaya, cabbage, Leucaena leucocephala have
been reported to be 40°C, 50°C and 55°C, etc. respectively [31,32,36].

In literature, some thermostable peroxidases have been reported.
For example, the African oil palm tree peroxidase which exhibited
stability at 70°C for 1 hr at neutral pH [37], while, the Ficus sycomorus
peroxidase retained 80% activity at 70°C after 15 min incubation [33]
and the peroxidase isolated from vigna species retained its 65% activity
for 1 hrat 70°C [35]. The horseradish peroxidase (HRP), the industrially
most exploited peroxidase, exhibited loss of activity at 70°C within 5
min [25]. Thus, the availability of novel peroxidases having tolerance
towards heat, organic solvents, salts, heavy metals etc, is scarce.

In view of array of industrial applications of peroxidases, search for
peroxidases having novel properties such as tolerance to heat, organic
solvents, salts etc., as good alternative to microbial peroxidases, is of
prime concern for both fundamental studies on their structure and
catalytic mechanism as well as their application in biotechnology
/ bioremediation /industrial sectors. Thus, in this direction, in the
present paper, a cDNA of peroxidase was cloned and characterized.
The expressional analyses of the lemon peroxidase at transcript as
well as activity level were investigated in healthy and diseased lemon
leaves to find out its role in defense response. Furthermore, the
peroxidase from lemon leaves was purified through successive steps
of heat treatment (70°C) and con-A affinity column chromatography
and its physicochemical properties, namely molecular weight, subunit
composition, effect of substrates, pH, temperature, salts, and organic
solvents has been investigated. In addition, the industrial applicability
of the purified lemon peroxidase has also been demonstrated by
investigating industrial dye decolorizing ability and efficacy.

Material and Methods

Plant material

Young leaves of lemon (Citrus limon), a small evergreen tree native
to Asia and used for various culinary and non-culinary purposes
throughout the world, was collected from the garden of Department of
Biochemistry, University of Lucknow, India and used as plant material
for gene cloning, enzyme extraction and purification. The expressional
analyses were carried out using healthy and diseased leaves. On the
3t day of physical appearance of the disease, the diseased leaves, were

taken from the plants infected with Xanthomonas axonopodis, causing
citrus canker disease.

Preparation of crude enzyme extract

A 25% homogenate of C. limon leaves was made in Tris-HCl buffer
(100 mM, pH-7.5), containing PVP (polyvinylpyrrolidone) insoluble
(0.1% w/v) and B-mercaptoethanol (7 mM) using ice cold blender.
Homogenate was centrifuged at 8422 x g for 30 min at 4°C using Sigma
4K15 centrifuge and clear supernatant was collected and used as crude
enzyme extract.

Peroxidase activity assay and protein estimation

Peroxidase activity was measured by Putter’s protocol (Pitter,
1974) with slight modification, using guaiacol as substrate. The 3 ml
assay system consisted of Tris-HCI (50 mM, pH 7.0), H,O, (20 mM)
and guaiacol (3.33 mM). Reaction was started by adding a suitable
amount of enzyme aliquot in the assay system. The 3, 3’-Dimethoxy-4,
4’-biphenoquinone formation was monitored spectrophotometrically
by measuring increase in absorbance at 470 nm at 30°C using ELICO SL-
159 UV-Vis spectrophotometer [38]. The molar extinction coefficient
of 3,3’-dimethoxy-4,4’- biphenoquinone was used as 6.39 mM* cm™.
One unit of enzyme activity was defined as the enzyme catalyzing the
production of 1 mmol of 3,3’-dimethoxy-4,4" biphenoquinone formed
per min at reaction condition. Protein was estimated by Bradford’s
method using BSA as standard [39].

Cloning and characterization of lemon peroxidase

Total RNA was isolated using total RNA isolation kit (Merk GeNei,
India) following the protocol of manufacturer. In order to isolate a
cDNA clone of peroxidase gene, the first strand cDNA was prepared
using Revert Aid First strand cDNA synthesis kit (MBI Fermentas)
following the manufacturer’s protocols and subjected to PCR using
lemon peroxidase specific forward primer (binding toward 5' end)
(FP1: 5CTTATATGTGTTTTGTTCAAGGGTG 3’) and reverse
primer (binding towards 3' end) (RP1: 5 CTCCTGAGAGTGC
AACAAGATC-3’) with the thermal parameter of initial denaturation
at 94°C for 5 min; 35 cycles of cyclic denaturation at 94°C for 45
s, annealing at 54°C for 30 s, extension at 72°C for 1 min and final
extension at 72°C for 5 min in DNA Engine (PTC 200, MJ research).
The obtained amplicon was ligated in pGEM T-Easy vector (Promega;
Madison, USA) using PCR based cloning approach and transformed
in E. coli DH5a cells. The transformants were screened out using blue
white selection on LB agar plate containing ampicillin (100ug/mL),
following the protocol as described by Green and Sambrook [40].
The plasmid was isolated from the positive recombinant colony and
sequenced commercially.

The nucleotide sequence of the cDNA clone was analyzed using
Basic Local Alignment Search Tool (BLASTn) tool of NCBI and
converted into its deduced amino acid sequences using online
Translator tool on ExPASy. The sequence similarity as well as conserved
domain analysis of the amino acid sequence was done using BLASTp
and CD (conserved domain) search tool of NCBI to confirm the clone
as peroxidase.

Biochemical and molecular expressional analyses

In order to investigate the role of lemon peroxidase in defense
response, the relative expressional analyses, under healthy and diseased
conditions, at transcript level, was performed. Relative expressional
analyses of transcripts of the lemon peroxidase was measured by
quantitative Reverse Transcriptase PCR (qQRT-PCR) with the cDNA
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samples, prepared from RNA samples, isolated from healthy and
diseased lemon leaves, using qRT-PCR master mix kit (Stratagene).
For qRT-PCR, the same primers (FP1 and RP1) were used in real time
PCR machine (Stratagene) followed by the protocol as described by
the manufacturer. The thermal conditions of the reaction as: 1 cycle at
95°C (5 min); 40 cycles at 95°C (30 s), 54°C (20 s) and 72°C (60 s) and
finally a denaturation cycle at 95°C (60 s), 54°C (30 s) and 95°C (30 s).
The fold expression was calculated by the 2-24% method as described
by Pfaffll [41].

For Biochemical expressional analyses, the homogenates were
prepared separately from healthy and diseased lemon leaves and
peroxidase activity was measured as described earlier.

Purification of peroxidase

For purification, the crude enzyme extract was incubated at 70°C
for 1 h in a water bath and subsequently allowed to cool at room
temperature and centrifuged at 8422 x g for 10 min at 25°C using
Sigma 4K15 centrifuge. The supernatant obtained was subjected
to purification through Con-A affinity column chromatography as
described by Pandey and Dwivedi [31]. The different fractions were
collected and the protein and activity were analyzed as described
earlier. The fractions showing higher specific activity were used for
further biochemical characterization.

To check the homogeneity of preparation, native PAGE was done
by making 10 % resolving gel with 3 % stacking gel as described by
Davis [42]. Enzyme samples, containing equal amount of protein,
were loaded into the wells of gel and electrophoresis was run at 4°C at
constant voltage of 120 V using Tris-glycine running buffer (pH 8.3).

Physicochemical characterization of purified peroxidase
Molecular weight determination

The native molecular weight of the purified peroxidase was
determined by gel filtration chromatography using Sephadex G-200
matrix. The void volume (Vo) of the column was determined using
blue dextran. Catalase (240 kDa), alcohol dehydrogenase (150 kDa),
phosphorylase $ (97.4 kDa), bovine serum albumin (67 kDa) and
lysozyme (14.3 kDa) were used as standard proteins. The elution
volume (Ve) of each standard protein as well as purified peroxidase
was determined. The molecular weight of the purified peroxidase
was calculated from a calibration curve (log molecular weight of the
standard proteins verses Ve/Vo).

The native molecular weight of the purified peroxidase was also
determined by running native-PAGE as described [31] with native
molecular weight markers namely soybean trypsin inhibitor (20.1
kDa), ovalbumin (43 kDa), bovine serum albumin (67 kDa) and
catalase (240 kDa) along with purified peroxidase separately. The
relative mobilities (Rm) of marker proteins were plotted against their
log molecular weight. The molecular weight of purified peroxidase was
calculated with the help of the calibration curve.

Subunit molecular weight of the purified peroxidase was
determined using SDS-PAGE as described by Laemmli [43]. After
electrophoresis, the gel was stained with silver staining as described by
Switzer and co-workers [44].

Effect of substrates

The effect of substrates (guaiacol and H,0,) was determined by
incubating a suitable amount of purified enzyme aliquots with varying
concentrations of guaiacol and a fixed saturating concentration of H,0,
or vice versa. The Km was determined using the Lineweaver—-Burk plot.

Effects of pH, temperature and thermostability

The effect of pH on enzyme activity was determined using 50 mM
buffer of different pH such as sodium tartrate (pH 3.0), sodium acetate
(pH 4.5 and 5.0), sodium phosphate (pH 6.0, 6.5 and 7.0), Tris—HCI
(pH 7.5, 8.0, 8.5 and 9.0) at fixed concentration of guaiacol and HO,.

The optimum temperature was determined, by incubating the
whole reaction mixture along with enzyme at various temperatures
ranging from 20°C to 80°C for 5 min and peroxidase activity was
measured spectrophotometrically as described earlier.

Furthermore, in order to explore the thermostability of the purified
enzyme at 70°C, the enzyme aliquot was incubated at 70°C for 120
min and activity was measured at every 20 min interval as described
earlier. In addition, the thermostability of purified peroxidase was also
determined by incubating the enzyme at 75°C, 80°C and 85°C for

1 hr and activity was measured at 20 min interval as described earlier.

Effect of metal ions

The effect of different metal ions such as Na*, Ca**, Mg*, Mn?*,
Zn** on purified peroxidase was determined by performing the enzyme
assay with different concentration of their salts (5-500 mM). The effect
of heavy metals namely cadmium, cesium, nickel and mercury were also
determined with varying the concentration of their salts (1-20 mM).

Effect of organic solvents

Effect of different organic solvents namely ethanol, methanol
and isopropanol on purified peroxidase activity was investigated by
incubating the enzyme for 1 h in presence of various concentration of
the organic solvents (0-80%) and activity was measured after 30 min
and 60 min of incubation as described earlier.

Dye decolorization

Dyes, namely methyl orange (azo group), congo red, trypan
blue (diazo group), aniline blue, malachite green, crystal violet
(triphenylmethane) and indigo carmine (indigoid group) were used to
determine the efficacy of the purified peroxidase in dye decolorization
as described by Parshetti and co-workers with slight modification.
Reaction mixture (3 ml), consisted of Tris-HCI (50 mM, pH 7.0), H,O,
(20 mM), dye (50ug) and purified peroxidase (40pg), was incubated at
30°C for 4 hrs. The untreated dye (dye without enzyme and H,O,) was
used as control. Since H,0O, is a well-known bleaching agent and thus,
in order to investigate the effect of H,O,, a parallel control (dye with
only H,O, and no enzyme) was also used. After 4 hrs incubation, the
absorbance was measured at 500, 596, 617, 590, 457, 595 and 610 nm for
congo red, aniline blue, malachite green, crystal violet, methyl orange,
trypan blue and indigo carmine, respectively as described by Chanwun
and coworkers [45]. The efficacy of peroxidase on dye decolorization
as a function of dye concentration (10-100 ug) was also investigated.

The percentage dye decolorization was calculated using the
formula:

% dye decolorization = (A -A) x 100/ A

Where A is absorbance of untreated dye, A is absorbance of
treated dye after desired time interval. The net % dye decolorization
was calculated by subtracting the % dye decolorization in presence of
H,0, alone (parallel control), from % dye decolorization in presence of
both enzyme and H,O,.

Statistical Analyses

All the experiments were performed in triplicates and accordingly
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the statistical analyses such as calculation of mean and standard
deviation were done.

Results and Discussion

Cloning and validation of lemon peroxidase

A partial cDNA of peroxidase from lemon leaves was isolated and
cloned following the PCR based approach. The nucleotide sequence
(408bp) of this clone, designated as LPRX (lemon peroxidase), was
analyzed through BLASTn tool which exhibited homology with
peroxidase from various sources. The deduced amino acid sequence of
the clone, obtained by translator tool of ExXPASy, was again subjected
to BLASTp analysis which also exhibited homology with various
peroxidases thereby validating the clone to be of peroxidase. The
conserved domain analysis of the LPRX protein was done using CD
search tool of NCBI. The analyses revealed that the LPRX protein
exhibited similarity with secretary peroxidases (cd00693) belonging
to plant heme-dependent peroxidase superfamily. The nucleotide and
protein sequence of the partial peroxidase gene along with conserved
domain analyses is shown in Figure 1.

Functional validation of lemon peroxidase in defense re-
sponse

The role of the cloned lemon peroxidase in defense response was
investigated by performing relative transcript expressional analyses
using qRT-PCR. Results are shown in Figure 2. The data revealed about
three folds” higher expression of the lemon peroxidase, at transcript
level, under diseased condition as compared to that of healthy (normal)
one, suggesting the role of this peroxidase in defense response. Further
investigation at the level of enzyme activity, the peroxidase activity
was found to be about 4 folds more under diseased condition as
compared to that of healthy one. Thus, based on these analyses, the role

Al

of lemon peroxidase in defense response was explicitly demonstrated.
Involvement of peroxidases in defense response under fungal and viral
infections has been demonstrated in a number of plants such as maize,
peaches and bean [46-48]. A ripening associated peroxidase from
papaya has also been shown to exhibit a role in defense response [49].

Purification of peroxidase

The defense related peroxidase from the leaves of Citrus limon
(lemon) was isolated and purified through successive steps of heat
treatment (70°C) and con-A affinity column chromatography. The
purification chart for lemon peroxidase is presented in Table 1. Thus,
the lemon peroxidase was purified to 34.40 folds with overall recovery
of 54.22% and specific activity 420.67 Units/mg. Homogeneity of the
purified enzyme was established by running native PAGE where a
single band was obtained (Figure 3B).

Molecular weight determination

Native molecular weight of purified peroxidase was determined
by gel filtration column chromatography as well as by running native
PAGE with standard molecular weight marker proteins. The results
are presented in Figures 3A and 3B. The native molecular weights
of the purified peroxidase from both the methods were found to be
~200 kDa. The purified peroxidase was further analyzed for subunit
size and composition by running SDS-PAGE. Results are shown
in Figure 3C. SDS PAGE analyses revealed that the purified lemon
peroxidase exhibited two different sized subunits each of about 66 and
70 kDa. Thus, based on the subunit size of the purified peroxidase, a
heterotrimeric structure (consisting of two subunits of 66 kDa, one
subunit of 70 kDa) is suggested for purified lemon peroxidase.

In literature, wide variability in the size of peroxidases isolated from
various sources has been reported. For example, Leucaena leucocephala
peroxidase is reported to be a heterotrimeric protein 200 kDa
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Figure 1: (A) Nucleotide (red) and protein (black) sequence of lemon peroxidase (B) conserved domain analyses.
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Figure 2: Expressional analyses of lemon peroxidase at transcript and activity levels.
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Figure 3: (A) Calibration plot (Ve/Vo verses log molecular weight) for molecular weight determination of purified peroxidase by gel filtration Chromatography. The
standard molecular weight marker proteins used were lysozyme (14.3kDa), bovine serum albumin (67 kDa), phosphorylase B (97.4 kDa), B amylase (200kDa) and
catalase (240 kDa). (B) Calibration plot (relative mobility (Rm) verses log molecular weight) for molecular weight determination of purified peroxidase by Native-PAGE.
The standard molecular weight marker proteins used were soybean trypsin inhibitor (20.1 kDa), ovalbumin (43 kDa), bovine serum albumin (67 kDa), and catalase (240
kDa). The picture of native-PAGE gel stained with Coomassie brilliant blue staining is presented in inset. (Lanes 1, 2, 3, 4, 5: catalase (240kDa), bovine serum albumin
(67 kDa), ovalbumin (43kDa), soybean trypsin inhibitor (20.1 kDa), purified lemon peroxidase, respectively) (C) SDS-PAGE analysis of purified peroxidase (Lane 1:
purified peroxidase enzyme Lane 2: molecular weight marker. The protein bands were visualized by silver staining).

Steps Total activity (Units) Total protein (mg) Specific Activity (U/mg) Recovery (%) Fold Purification
Crude 60078.20 4911.52 12.23 100 1
Heat Treatment (70°C) 49056.69 787.23 62.32 81.65 5.10
Con-A Affinity Column Chromatography 32576.83 77.44 420.67 54.22 34.40

Table 1: Purification chart for peroxidase isolated from lemon.
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Figure 4: Effect of substrates, guaiacol (A): H,0O, (B): On the activity of purified peroxidase. (Inset shows Line-weaver-Burk plot of the data).

(consisting of two subunits of 66 kDa and one subunit of 58 kDa) [31].
The tomato peroxidase is reported to be a heterodimeric protein with
63 and 57 kDa subunit size [28] while, R. regia peroxidase is reported
to be a homodimeric structure with 51 kDa subunit size each [30].
The peroxidases, purified from lettuce, horseradish, cauliflower are
reported to be monomeric protein of size 35, 40, 44 kDa, respectively
[26,32,50].

Effect of substrates on purified peroxidase

Effect of guaiacol on the purified peroxidase activity was determined
by varying the concentration of guaiacol at the fixed and saturating
concentration of second substrate H,O,. Results are presented in Figure
4A. The Km for guaiacol was found to be 0.77 mM. Furthermore, the
effect of H,O, on the purified peroxidase activity was determined by
varying the H,O, concentration at fixed and saturating concentration
of guaiacol. Results were presented in Figure 4B. Inhibition of the
peroxidase activity at high H,O, concentration was observed. Apparent
Km for H,0, was found to be 1.09 mM.

Thus, the purified lemon peroxidase exhibited higher substrate
affinity towards guaiacol than those of other peroxidases isolated from
Leucaena leucocephala, lettuce, Ficus, cauliflower which have been
reported to exhibit the Km values for guaiacol as 2.9, 4.74, 9.5, 141.61
mM, respectively [31,32,33,50]. The purified Lemon peroxidase was
also found to exhibit lower affinity for H,0, (Km=1.09 mM) than those
of the peroxidases isolated from Vigna species (K_=0.45 mM), tobacco
(K_=0.250 mM), radish (Km=0.277 mM), cabbage (K_=0.370 mM)
[35,36]. The K_ close to our peroxidase has been reported for Ficus
sycomorus peroxidase (K_=1.2 mM) [33].

Effect of pH on purified peroxidase

The effect of pH on purified lemon peroxidase was investigated and
results are presented in Figure 5A. It is noteworthy that the purified
peroxidase was found to exhibit narrow pH optima in the range of
4.5-6.0, with maximum activity at pH 5.0. The enzyme activity steeply
decreased beyond pH 6.5 and was completely lost at pH >7.0.

At very low pH, loss of activity may be due to instability of the
heme binding to the enzyme, but loss of activity at high pH, may be
due to chemical changes in the heme and protein denaturation. Similar
reports of acidic pH optima (pH 5) for peroxidase of various plant
species such as potato, tomato, vigna species, Leucaena, wheat grass
and Allium sativum have been reported in literature [31,34,35,51].
Peroxidases having similar range of pH optima have also been reported.

Thus, pH optima in the range of pH 4.0-5.5 for lettuce [32] and pH 5.5-
6.0 for papaya [52] have been reported. The peroxidases isolated from
carrot, cabbage, radish and Turkish black radish have been reported
to have optimum pH of 6.0 [21,34,36]. While, on the other hand, the
peroxidases isolated from leaves of African oil palm, Elaeis guineensis
are reported to exhibit their optimum pH of 7.0 [36,37].

Effect of temperature on purified peroxidase

The effect of temperature on purified peroxidase was investigated
by assaying the enzyme activity at various temperatures (Figure 5B).
The optimum temperature for Citrus limon peroxidase was found to be
40°C. About 73% activity was found to retain even at 60°C and beyond
that the decline in activity was observed. The Q,, value of lemon
peroxidase was found to be >1 upto optimum temperature, suggesting
that the reaction rate is temperature-dependent.

Thermostability of the purified enzyme was investigated by
incubating the enzyme at 70, 75, 80 and 85°C and the enzyme activity
was measured as described earlier by withdrawing suitable aliquots at
different time intervals. The results are presented in Figure 5C. The
lemon peroxidase was found to be almost fully active upto 80°C for 1 h.
However, at 70°C enzyme was fully active upto 2 hrs. At 85°C, however,
enzyme lost 40% activity within 20 min and beyond that a progressive
loss of activity was observed. Thus, it is noteworthy that the purified
peroxidase was found to be quite stable up to 80°C.

With regards to temperature optima, wide variability has been
reported for peroxidases isolated from various sources. The optimum
temperature of red cabbage and lettuce peroxidase has been reported
to be 45°C [32,53], whereas Raphanus sativus peroxidase exhibited the
temperature optima of 30°C [54]. The radish and tobacco peroxidase
have been reported to exhibit an optimum temperature of 40°C [36].

The purified peroxidase was found to exhibit better thermostability
as compared to other reported thermostable peroxidases. Thus, for
example the peroxidase from Ficus sycomorus was reported to exhibit
23% activity loss at 70°C after 30 min incubation [33], peroxidase
isolated from vigna species, on the other hand, retained 65% activity at
70°C for 1 hr [35]. While, the palm tree peroxidase has been reported
to be stable at 70°C for 1 hr [55]. In addition, the optimum temperature
of the horseradish peroxidase (HRP) was reported to be 30°C which
was found to rapidly denature at temperatures above 42°C [26].
Mogharrab, et al. [56] have also reported that the HRP exhibited up
to 96.4% loss of activity at 70°C within 10 min. Thus, a comparison of
the thermostability of the purified peroxidase, from the present study,
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Figure 5: (A) Effect of pH on purified peroxidase (B) Effect of temperature on purified peroxidase (C) Thermo-stability of purified peroxidase.
Metal Salts % Relative activity at different concentrations
Control 5mM 10 mM 20 mM 50 mM 100 mM 200 mM 500 mM
NaCl 100 125.56 + 0.74 152.34 + 2.71 154.73 + 1.36 137.72 £ 6.38 103.50 £ 0.77 92.66 + 0.45 72.15+3.56
CaCl, 100 131.68 £ 2.37 141.85 £ 1.99 149.83 £ 1.05 135.90 + 2.32 110.52 £ 4.99 101.04 £ 1.35 83.29 + 1.65
MnCl, 100 125.80 + 1.41 137.94 £ 1.21 143.23 £2.10 152.61 £ 1.43 141.88 £2.24 110.52 £ 4.52 73.57 +8.25
MgCl, 100 101.11 £ 1.26 106.58 + 1.53 120.92 + 3.33 129.98 £ 1.35 123.48 £ 1.43 121.83 £2.43 101.89 £ 0.98
ZnCl, 100 136.75 + 3.59 147.12 £ 1.36 151.41£2.25 157.03 £2.10 165.41 £ 4.88 144.83 £ 1.78 134.21£1.78
Heavy Metal Salts % Relative activity at different concentration
Control 1 mM 2mM 5mM 10 mM 12 mM 15 mM 20 mM
CdcCl, 100 101.10 £ 0.51 112.82 £ 6.06 111.05 + 1.52 104.79 £ 1.18 103.10 + 1.36 99.20 + 1.47 94.78 +2.19
CsCl, 100 129.44 £ 4.77 143.24 £ 5.56 140.76 + 1.08 133.51 £ 3.98 132.08 £ 2.99 116.53 £ 4.99 110.52 £ 1.03
NiSO, 100 101.88 £ 1.87 104.69 + 2.61 103.63 + 1.36 104.33 £1.73 101.15£0.70 95.49 + 2.67 90.54 + 1.08
HgCl, 100 99.91 +2.94 94.08 + 2.03 93.25 + 3.99 88.42 +2.16 85.06 + 2.90 84.70 £ 2.19 78.87 +1.18

Table 2: Effect of various metal salts on the purified peroxidase activity. The data were compared with control (no salts) and represented as % relative specific activity. The
value of % relative specific activity represents mean = S.D. of experiments done in triplicate for each set.

to those of majority of the peroxidases, including that of HRP which
is industrially well-exploited, it is evident that the C. limon peroxidase
exhibits moderate thermostability.

Effect of metal ions on purified peroxidase

The effect of different metal ions (Na*, Ca?*, Mg?*, Mn*, Zn*") on
purified lemon peroxidase was investigated. Results are presented in
Table 2. Monovalent cation namely Na* activated the peroxidase in a
concentration dependent manner with maximum activation at 20 mM
while it inhibited the peroxidase at 200 mM and above. Zn*" activated
the peroxidase in a concentration dependent manner with maximum
activation at 100 mM and did not show inhibitory effect even at 500
mM. Similarly, Mg* activated the purified peroxidase maximum at

50 mM and did not inhibit peroxidase up to 500 mM. Ca** and Mn?*
activated the peroxidase maximum at 20 and 50 mM concentrations,
respectively while inhibited at 500 mM concentration. Thus, Zn** was
found to be the most potent activator of the purified lemon peroxidase.
The effects of various heavy metal ions (Cd*, Cs*, Ni**, Hg*) on
purified lemon peroxidase were also investigated. Results are shown
in Table 2. The purified peroxidase was found to be activated by Cs** at
all the concentration studied (upto 20 mM) with maximum activation
at 2 mM. Cd** and Ni** were found to activate the peroxidase up to 12
mM with maximum activation at 2 mM. At concentration higher than
12 mM both the metal ions inhibited the peroxidase in a concentration
dependent manner. On the other hand, Hg** exhibited slight inhibitory
effect on the purified peroxidase at all the concentrations studied.

Biochem Anal Biochem, an open access journal
ISSN: 2161-1009

Volume 5 « Issue 3 » 1000291



Citation: Pandey VP, Bhagat PK, Prajapati R, Jaiswal N, Singh S, et al. (2016) A Defense Associated Peroxidase from Lemon Having Dye Decolorizing
Ability and Offering Resistance to Heat, Heavy Metals and Organic Solvents. Biochem Anal Biochem 5: 291. doi: 10.4172/2161-1009.1000291

Page 8 of 10
% Residual activity
Concentration (%) Ethanol Methanol Isopropanol
30 min 60 min 30 min 60 min 30 min 60 min
Control 100.00 100.00 100.00 100.00 100.00 100.00
10 89.81+0.9 69.34 + 1.4 8226+ 1.2 80.90+ 0.6 94.06 £ 0.9 8395+ 1.4
20 84.35+1.4 59.47 +£1.23 78.73 £ 0.56 75.04 +0.4 74.80+0.5 71.83+2.1
30 76.89+1.6 58.27+1.4 71.83+0.6 65.33+0.9 71.35+1.1 67.90+0.8
40 70.47 £ 1.54 4350+ 1.8 67.01+£0.2 59.39 £ 0.35 48.56 + 0.5 46.31+0.48
50 58.91 + 0.98 41.17+0.6 63.56 + 0.9 50.88+ 0.18 41.09 +0.89 31.94+14
60 44.94 + 0.84 37.32+0.91 50.80 + 0.79 35.47 £ 1.01 3258+ 1.4 2239+1.9
70 41.89 £ 0.54 13.64£1.2 36.84 +1.3 2456 +1.3 2456 +1.7 12.76 £1.7
80 33.87 £0.12 1457 £1.9 26.32+ 1.09 18.46 £ 0.9 215121 11.40£0.78

Table 3: Effect of organic solvents on purified peroxidase activity. The data were compared with control (no organic solvents) and represented as % residual activity. The
value of % residual activity represents mean * S.D. of experiments done in triplicate for each set.
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Figure 6: Effect of dye concentration on the efficacy of dye decolorization by purified peroxidase.

In agreement to our study, in the literature, the Ficus sycomorus
peroxidase has been reported to be slightly activated by Ca?*, Mg**, Ni*2
[33], the Leucaena peroxidase has also reported to be activated by Na*,
Ca* and Mn?* [40] and that of cotton peroxidases are also reported to
be activated by Ni*? [25]. On the other hand, other peroxidases such as
the lettuce peroxidase was apparently inhibited by metal ions namely,
Zn*, Ca?* and Mn?* [15], the Cs** and Ni** have reported to show
inhibitory effect on Ipomoea carnea peroxides [41]. Thus, the purified
lemon peroxidase could be suggested to exhibit tolerance towards
high concentration of these metal ions especially heavy metals such as
Cs**, Cd** and Ni*. The modulation of enzyme activity by metals is
suggested to be due to stabilization of the protein structure, responsible
for catalysis [32].

Effects of organic solvents on purified peroxidase

Industrial applications of peroxidase become more versatile
and efficient, if the enzyme offers resistance towards organic
solvents. Depending upon the industrial applications of peroxidase,
investigating enzyme activity in a reaction system consisted of organic
solvents with aqueous phase (organo-aqueous phase) may be more
beneficial than that of a system containing only aqueous phase. The
organo-aqueous phase may provide a mimic environment to the
enzyme to act on wide range of organic pollutants, which are more
soluble in organic solvent and hydroorganic mixtures. Therefore, the
effect of organic solvents such as ethanol, methanol and isopropanol
(10-80%) on the purified peroxidase was investigated. Results are
shown in Table 3. It is noteworthy that lemon peroxidase was found
to retain 41-63% activity in presence of these organic solvents (at 50%
(v/v) concentration) upto 30 min exposure. After prolonged exposure
(60 min), 41, 51 and 32% residual activity was observed in presence of

50% (v/v) ethanol, methanol and isopropanol, respectively. At higher
concentration (60-80 %) with prolonged incubation (60 min) steep
decline in activity of purified peroxidase was observed. In presence of
even higher concentration of methanol (80%), about 18% peroxidase
activity was retained after 60 min of exposure. Thus, among these
solvents, peroxidase exhibited maximum tolerance towards methanol
that could be suggested as a better organic solvent followed by ethanol
and isopropanol.

Similar to our observation soybean seed hull peroxidase has been
reported to retain considerable activity in the presence of methanol
and ethanol [24]. Furthermore, immobilized Momordica peroxidase
has been reported to retain 43% activity in presence of propanol (30%)
[36]. In literature, the rice and horseradish peroxidases have also been
reported to be activated by ethanol (40%) [54].

Dye decolorization by purified peroxidase

Now-a-days the interest is towards the application of enzymes for
degradation of dyes, used for paper printing, color photography etc. and
causing environmental problems. The enzymatic degradation process
is less expensive and ecofriendly alternative [57]. Thus, the ability
of the purified peroxidase to decolorize (oxidize) various dyes was
investigated using seven dyes namely congo red, aniline blue, malachite
green, crystal violet, methyl orange, trypan blue and indigo carmine
which have been considered as the part of wastewater pollutants from
textile, plastic and paper industries. The data revealed that out of seven,
five dyes were quite efficiently decolorized by peroxidase in the order of
aniline blue > methyl orange > indigo carmine > trypan blue > crystal
violet. Efficiency of dye decolorization by the purified peroxidase as a
function of dye concentration was also investigated. Data are presented
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in Figure 6. The data revealed that the purified peroxidase exhibited
considerable dye decolorization capability even at high concentration of
dyes. About 40-54% dye decolorization of even 100 ug dyes were found
to be achieved. In literature, the peroxidase from Hevea brasiliensis
have been reported to decolorize crystal violet and aniline blue, while
other dyes such as congo red, methyl orange, trypan blue, etc. were
not decolorized by the Hevea peroxidase [58]. The peroxidases isolated
from horseradish, tomato, turnip, bitter gourd have also been reported
to decolorize various dyes but not very efficiently [23]. The bacterial
and fungal peroxidases have also been reported for dye decolorization,
but, their high cost, infection associated risk have been suggested to be
limiting factors for their proper utilization in dye decolorization.

Thus, based on all above physicochemical characterization, it may
be suggested that the purified C. limon peroxidase could be a promising
candidate for industrial applications in view of its stability towards
temperature, pH, high concentration of metal salts, heavy metals,
organic solvents as well as dye decolorizing ability.

Conclusion

A defense associated partial cDNA clone of peroxidase from
lemon was isolated and characterized. Based on qRTPCR and activity
analyses, higher expression was observed under diseased condition
than that of healthy one, which is suggestive of its involvement in
defense response. Furthermore, this defense associated peroxidase
was purified to 34.40 folds with overall recovery of 54.22% through a
quick purification protocol namely heat treatment and con-A affinity
column chromatography. The purified peroxidase was found to be a
heterotrimeric protein of size ~200 kDa (consisting of two subunits of
66 kDa, one subunit of 70 kDa). The lemon peroxidase was fully stable
at 70°C upto 2 hrs while at 75°C and 80°C it was stable upto 1 ir. The
purified peroxidases exhibited tolerance towards heavy metals namely,
Cd*, Cs** and Ni**. On the other hand, Hg** showed mild inhibitory
effect on the purified peroxidase. The purified peroxidase was quite
stable towards organic solvents, as it retained 30-50% activity in the
presence of 50% (v/v) organic solvents namely ethanol, methanol and
isopropanol. The purified peroxidase was found to have significant dye
decolorizing ability. Thus, the purified lemon peroxidase exhibited
stability towards temperature, pH, salts, heavy metals, organic solvents
and ability to oxidize a number of dyes, thereby making the lemon
peroxidase, a promising candidate for its application in various
analytical as well as bioremedial purposes. Furthermore, for the
commercial exploitation of this novel peroxidase, in future, it can be
the produced in bulk by over expression in a suitable host system.
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