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Peroxidase from sycamore fig Ficus sycomorus latex (POLI) was purified by heat treatment, anion 
exchange chromatography and molecular exclusion chromatography. The purity was determined from 
high specific activity (9166 units/mg protein), purification fold (28), RZ value 3.1 and a single band in 
native polyacrylamide gel electrophoresis (PAGE), sodium dodecyl sulfate (SDS)-PAGE and visualized 
peroxidase activity on the PAGE. POLI had molecular mass of 43 kDa. Substrates commonly used in 
immunodiagnostic kits as 2,2-azino-bis [3-ethyl-benzothiazoline-(6)-sulfonic acid] (ABTS), 4-chloro-1-
naphthol (4C-1N), o-phenylenediamine (OPD) and 3,3`,5,5`- tetramethylbenzidine (TMB) were found to be 
the best substrates for the enzyme. The Km for catalysis of H2O2 was 1.2 mM. The catalytic efficiency 
(Vmax/Km) for POLI was found to follow the order: ABTS, 4C-1N, OPD, TMB, guaiacol, p-
aminoantipyrine, o-dianisidine and pyrogallol. The enzyme showed a broad pH optimum ranged from 
pH 5.5 to 7.0. The optimal temperature for the enzyme was 35 to 40°C. POLI showed highest thermal 
stability. No loss of enzyme activity was recorded up to 60°C, whereas only 20% of enzyme activity was 
lost at 70 to 90°C. The thermal inactivation profiles of POLI demonstrated that the enzyme had higher 
thermal resistance. The peroxidase activity was slightly enhanced by low concentration of Ca

2+
, Ni

+2
 and 

Mg
2+

 and high concentration of Mn
2+

. Fe
+3

, Zn
+2

, Hg
+2

 caused slightly inhibitory effects. In conclusion, 
sycamore fig latex will be a new and potential source for a peroxidase enzyme. 
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INTRODUCTION 
 
Latex is a complex emulsion secreted by specialized cells 
named laticifers. In some plants, the latex is a form of 
stored food, while in other plants the latex contains 
specialized metabolites which represent biochemical end 
products that do not re-enter the primary metabolism 
such as terpenoids, cardiac glycosides, alkaloids, lignin, 
cannabinoids and tannins (Evert, 2006). Latex not only 
serves as a repository for natural products but also 
exhibit unique proteomes, including proteases, esterase, 
glucanases, lipase, peroxidase and chitinase (Domsalla 
and Melzig, 2008; Mura et al., 2005; Van der Horn and 
Jones, 2004). The primary function of latex is to protect 
the plant in case of injuries and drying by forming a 
protective  film   that   prevents   the  entry  of   fungi   and  
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bacteria. Both proteins and metabolites within latex have 
been shown to protect plants against feeding insects 
(Hagel et al., 2008). Latex has been reported in 12500 
plant species representing 22 families (Evert, 2006). 

Ficus, the fig genus, consists of over 800 species are 
widely scattered over the tropical and subtropical region 
of the world. The parts of Ficus carica and Ficus 
sycomorus used for the treatment of tumors and diseases 
associated or characterized by inflammation include the 
fruits in different stages of ripening, fresh or dry, tree 
bark, leaves, twigs and young shoots, and also latex from 
the bark, fruit and young branches (Lansky et al., 2008). 
The latex released on picking the fruits of fig Ficus carica 
was used to treat skin tumors and warts (Rubnov et al., 
2001). Fig latex and its component (R3) have been 
shown to inhibit the growth of transplanted and 
spontaneous tumors in mice (Ullman et al., 1952; Ullman, 
1952), while in vitro data showed that the extract from  fig  



 
 
 
 
latex (resin) inhibited the proliferation of some human 
cancer cells (Rubnov et al., 2001; Wang et al., 2008). 
Figs also have been shown to possess antioxidant, 
antibacterial, hypolipidemic, and hypoglycemic activities 
(Lansky et al., 2008; Abdel-Hameed, 2009; Ao et al., 
2008). 

Peroxidases (donor: hydrogen-peroxide 
oxidoreductase; EC 1.11.1.7) are widely distributed in 
organisms, and plants have an abundance of peroxidase 
isozymes which have been implicated in a wide variety of 
cellular functions, including lignification (Quiroga et al., 
2000), suberization (Bernards et al., 1999), auxin 
oxidation (Gazaryan et al., 1996), and plant defense 
(McLusky et al., 1999). Peroxidases (donor: hydrogen-
peroxide oxidoreductase, EC 1.11.1.7) are a group of 
heme-containing oxidoreductases that act on peroxide as 
electron donors. They are present in all known organisms 
and their biological function is related to the removal of 
the toxic hydrogen peroxide which is a product of cell 
metabolism. Peroxidases are generally reported to 
participate in the protection of plant tissues from damage 
and infection by pathogenic microorganisms, and in 
wound healing (Dunford, 1999). In vitro, this enzyme is 
widely employed in microanalysis (Gorton, 1995). 
Currently, peroxidases are used also in organic synthesis 
for the production of polymers and for the 
biotransformation of various drugs and chemicals 
(Egorov et al., 2000). The presence of latex peroxidases 
and other antioxidant enzymes in several plants may 
confirm latex as having a protective role against possible 
oxidative damage which begins after plant is wounded 
(Freitas et al., 2007; Kawano, 2003; Mura et al., 2008).  

Although, peroxidases are widely distributed in plant 
kingdom, at present commercially available peroxidase is 
horseradish peroxidase. However, there is increased 
interest to find alternative/additional peroxidases with 
novel properties. The present study focused on the 
purification and characterization of peroxidase from 
sycamore fig F. sycomorus latex. 

 
 
MATERIALS AND METHODS 

 
Plant materials 

 
The latex samples were collected from the neck of cut fruit of Egypt 
sycamore fig F. sycomorus.  

 
 
Peroxidase assay 

 
Peroxidase activity was carried out according to Miranda et al. 
(1995). The reaction mixture containing in 1 ml: 8 mM H2O2, 40 mM 
guaiacol, 50 mM sodium acetate buffer, pH 5.5 and least amount of 
enzyme preparation. Assays were carried out at room temperature. 
The change of absorbance at 470 nm due to guaiacol oxidation was 
followed at 30 s intervals. One unit of peroxidase activity is defined 
as the amount of enzyme which increases the O.D. 1.0 min

-1
 under 

standard assay conditions. 
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Purification of peroxidases from Ficus sycomorus latex 
 
Unless otherwise stated, all preparation steps were carried out at 4 
to 7°C. 4 ml of F. sycomorus latex was incubated in a 60°C water 
bath for 30 min and subsequently chilled in ice bath. The denatured 
proteins were removed by centrifugation at 12,000 rpm for 10 min. 
The supernatant was collected and dialyzed against three changes 
of 20 mM Tris-HCl buffer, pH 7.0. The dialyzate was applied directly 
to a diethylaminoethyl (DEAE)-sepharose column (10×1.6 cm i.d.) 
pre-equilibrated with the same buffer. The adsorbed material was 
eluted with a stepwise gradient of NaCl ranging from 0.0 to 0.5 M 
prepared in the same buffer at a flow rate of 30 ml/h, and 3-ml 
fractions were collected. The pooled fractions (0.2 M NaCl) with the 
highest peroxidase activity was concentrated through dialysis 
against solid sucrose and applied on a Sephacryl S-200 column 
(90×1.6 cm i.d.) previously equilibrated with the same buffer and 
developed at a flow rate of 20 ml/h, and 3.5 ml fractions were 
collected. 
 
 
Protein determination 
 
Protein was quantified by the method of Bradford (1976). Bovine 
serum albumin was used as the protein standard. 
 
 
Polyacrylamide gel electrophoresis 
 
Electrophoresis under non-denaturing conditions was performed in 
10% (w/v) acrylamide slab gel according to the method of Davis 
(1964) using a Tris-glycine buffer, pH 8.3. Protein bands were 
located by staining with coomassie brilliant blue. 
 
 
Molecular weight determination 
 
Molecular weight was determined by gel filtration technique using 
Sephacryl S-200. The column (90 x 1.6 cm i.d.) was calibrated with 
cytochrome C (12,400), carbonic anhydrase (29,000), bovine serum 
albumin (67,000), alcohol dehydrogenase (150,000) and β-amylase 
(200,000). Dextran blue (2,000,000) was used to determine the void 
volume (Vo). Subunit molecular weight was estimated by SDS-
polyacrylamide gel electrophoresis (Laemmli, 1970). SDS-
denatured phosphorylase b (94,000), bovine serum albumin 
(67,000), ovalbumin (43,000), carbonic anhydrase (30,000), 
soybean trypsin inhibitor (20,000) and α-lactalbumin (14,200) were 
used for the calibration curve. 
 
 
Detection of peroxidase activity on the gel 
 
Peroxidase activity was detected on the polyacrylamide gel 
according to Gottlieb (1973). After electrophoresis, the gel was 
immersed for 2 to 4 h in the dark at room temperature in 50 mM 
sodium acetate buffer, pH 5.5 containing 250 mM hydrogen 
peroxide and 2 mM guaiacol. After visualization for the enzymes, 
the gel was photographed immediately. 
 
 
RESULTS AND DISCUSSION 
 

The purification of peroxidases from F. sycomorus latex 
is summarized in Table 1. The initial heat treatment (60°C 
for 30 min) offered an efficient means of partial 
purification, thus 40% of total protein of latex was 
removed and  the most  of peroxidase activity  (98%) was  
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Table 1. Purification scheme of peroxidases from F. sycomorus latex. 
 

Purification step 
Total 

protein (mg) 

Total 
activity 
(unit*) 

Specific activity 
(units mg

-1 

protein) 

Fold  

purification 

% 
Recovery 

Crude extract (latex) 6.5 2120 326 1 100 

Heat treatment 4 2080 520 1.6 98 

Dialysis 2 2336 1168 3.6 110 

Chromatography on DEAE-Sepharose      

0.2M NaCl (POLI) 0.48 2000 4166 13 94 

0.3M NaCl (POLII) 0.136 195.6 1438 4 9.2 

Gel filtration on Sephacryl S-200 (POLI) 0.18 1650 9166 28 78 
 

*One unit of peroxidase activity is defined as the amount of enzyme that increases the optical density 1.0 min
-1

 under standard assay conditions. 
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Figure 1. A typical elution profile for the chromatography of F. sycomorus latex peroxidase on DEAE-Sepharose 

column (10×1.6 cm i.d.) previously equilibrated with 20 mM Tris-HCl buffer, pH 7. Fractions of 3 ml were collected at 
flow rate 30 ml/h. 

 
 
 

recovered with specific activity of 520 units/mg protein 
and 1.6 purification fold over the crude extract. The heat 
treatment represents a method of purification of thermal 
stable enzymes (Winans, 1981). Most of the enzymes 
especially proteases isolated from plant latex are heat 
labile and autocatalytic in nature (Dubey and 
Jagannadham; 2003; Sundd et al., 1998). Some proteins 
in Synadenium grantii latex were coagulated at high 
temperature without affecting some enzymes activities 
(Rajesh et al., 2006). Heat treatment has been employed 

in the purification of several enzymes from different 
sources such as phospholipase in serum, plasma and 
extra cellular exudates (Kuslys et al., 1996; Vishwanath 
et al., 1996). The peroxidase activity from F. sycomorus 
latex was increased after dialysis (110% recovery) with 
3.6 fold purification over the crude extract. The 
chromatographic profile of DEAE-sepharose column 
showed seven protein fractions, two of them were eluted 
at 0.2 and 0.3 M NaCl with peroxidase activity (Figure 1). 
Most  peroxidase  activity  was recovered  in  POLI which
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Figure 2. A typical elution profile for the chromatography of F. sycomorus latex peroxidase of DEAE-
Sepharose fraction 0.2 M NaCl on Sephacryl S-200 column (90×1.6 cm i.d.) previously equilibrated with 20 mM 
Tris-HCl buffer, pH 7. Fractions of 3.5 ml were collected at flow rate 20 ml/h. 

 
 
 

considered anionic peroxidase. However, a cationic 
peroxidae was isolated from latex of Euphorbia characias 
(Floris et al., 1984; Medda et al., 2003). Most plants had 
cationic and anionic peroxidases (Clemente, 1998; 
Mohamed et al., 2008; Valderrama and Clemente, 2004; 
Das et al., 2011; Kumara et al., 2011). The resolution of 
POLI on Sephacryl S-200 showed one major protein with 
peroxidase activity (Figure 2). The recovery percent of 
POLI was 78% with specific activity of 9166 units/mg 
protein and 28 purification fold over the crude extract. 
The RZ value (A400/A280) of POLI, which is a good 
criterion of purity and heme content, was 3.1. After 
Sephacryl S-200 column analysis, the purity of POLI was 
proved by Native-PAGE (Figure 3a). POLI is a 
monomeric protein with a molecular mass of 43 kDa as 
estimated by both Sephacryl S-200 chromatography and 
SDS-PAGE (Figure 3b). A nearly value of molecular 
weight (48 kDa) was detected for latex peroxidase from 
E. characias (Floris et al., 1984). The similar molecular 
weights (40 to 44 kDa) were detected for several plant 
peroxidases (Clemente, 1998; Hu et al., 1989). One band 
of visualized peroxidase activity was detected on the 
polyacrylamide gel after Sephacryl S-200 chromato-
graphy (Figure 3c). 

In the presence of H2O2, POLI  catalyzes the  oxidation 

of many potential natural electron donor substrates. The 
activity with guaiacol is regarded as 100% activity. The 
POLI had highest activity toward substrates commonly 
used in immunodiagnostic kits as ABTS, 4C-1N, OPD 
and TMB (Jiang et al., 2005) compared to guaiacol, 
which suggest that POLI may be used as a marker in 
enzyme immunoassay. While p-aminoantipyrine and 
guaiacol had moderate affinity toward POLI, o-dianisidine 
and pyrogallol had low affinity (Table 2). As the enzyme 
showed wide substrate specificity, POLI may belong to 
class III of the plant peroxidase subfamily with EC 
1.11.1.7 (donor: hydrogen peroxide oxidoreductase) 
similar for horseradish and black gram Vigna mungo husk 
peroxidase (Ajila and Prasada Rao, 2009; Veitch, 2004). 
E. characias latex peroxidase oxidized some substrates 
in the order of o-dianisidine > pyrogallol > p-
aminoantipyrine (Floris et ai, 1984). 

The Km values for various substrates of POLI were 
obtained by a typical reciprocal Lineweaver-Burk plot 
(Figure 4 and Table 3). The Km for catalysis of H2O2 in the 
presence of 40 mM guaiacol was 1.2 mM. The lower Km 
value of the enzyme indicated its higher affinity toward 
H2O2. The significance of low Km values for H2O2 reflects 
a high number of H2 or hydrophobic interactions between 
the substrate and the heme group at the enzyme active
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(a) (b) (c)  

 
Figure 3. (a), Native-PAGE of F. sycomorus latex POLI during purification 
steps; lane 1 = Crude extract and lane 2 = Sephacryl S-200 POLI. (b) SDS-
PAGE for molecular weight determination of F. sycomorus latex POLI; lane 
1 = Crude extract, lane 2 = Sephacryl S-200 POLI and lane 3 = Standard 
proteins. (c) The peroxidase activity patterns of F. sycomorus latex POLI 
during purification steps; lane 1 = Crude extract, lane 2 = DEAE-Sepharose 
POLI and lane 3 = Sephacryl S-200 POLI. 

 
 
 

Table 2. Relative activity of F. sycomorus latex POLI toward substrates. 
 

Substrate % Relative activity 

Guaiacol 100 

ABTS 244 

4C-1N 238 

OPD 230 

TMB 165 

p-Aminoantipyrine 96 

O-Dianisidine 46 

Pyrogallol 38 
 

The reaction mixture contained in 1 ml: 8 mM H2O2, 40 mM of each 
substrate, 50 mM sodium acetate buffer, pH 5.5, and suitable amount of 
enzyme. The activity with guaiacol was taken as 100% activity. Each 
value represents the average of two experiments. 

 
 
 

site (Ajila and Prasada Rao, 2009). This affinity of POLI 
with H2O2 was higher than that reported for peroxidases 
from other plants, example pear (Km 1.5 mM) (Richard-
Forget and Gauillard, 1997), chicory cell suspension 
culture (Km 2.4 mM) (Boeuf et al., 2000) and Brussels 
sprouts (Km 11.4 and 6.2 mM) (Regalado et al., 1999). 
However, Duarte-Vazquez et al. (2000) reported lower 
affinity for H2O2 interaction with turnip peroxidase Cl, C2 
and C3 at Km values of 0.04, 0.25 and 0.85 mM (Onsa et 
al., 2004). ABTS, 4C-1N, OPD, TMB, guaiacol, and p-
aminoantipyrine showed higher affinity toward POLI, 
where their Km values are 4.7, 5, 5.4, 6.8, 9.5 and 11.7 
mM respectively. Both o-dianisidine and pyrogallol 
showed relatively higher Km values, 16.6 and 26 mM, 
respectively indicated their relatively lower affinity to 
POLI.  However, in terms of catalytic efficiency 

(Vmax/Km), POLI was found to follow the order: ABTS, 
4C-1N, OPD, TMB, guaiacol, p-aminoantipyrine, o-
dianisidine and pyrogallol. The lower Km values of 2.85 
mM o-phenylenediamine and 5 mM guaiacol were 
reported for citrus peroxidase (Mohamed et al., 2008).  
Although, mPOD isoenzymes from Metroxylon sagu 
showed a high Vmax for guaiacol, their ability to oxidize 
this substrate is low, due to their low affinity for the 
enzyme, with high Km values of 32.2 and 22.9 mM for 
mPOD-I and mPOD-II, respectively (Onsa et al., 2004). 

pH is a determining factor in the expression of an 
enzyme activity as it alters the ionization state of amino 
acid chains or the ionization of the substrate. The effect 
of pH on the activity of POLI was shown in Figure 5, the 
enzyme showed a broad pH optimum ranged from 5.5 to 
pH 7.0, and it decreased sharply with increase in pH. The  
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Figure 4.  A typical lineweaver–Burk plots of the  F. sycomorus latex POLI. 

 
 
 

 
 
Figure 4.  Contd
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Table 3. Kinetic parameters of F. sycomorus latex POLI. 
 

Substrate Km (mM substrates) Vmax (units/assay) Vmax /Km (units/mM substrate) 

H2O2 1.2 3.1 2.6 

ABTS 4.7 3.8 0.8 

4C-1N 5 2.3 0.46 

OPD 5.4 2.46 0.45 

TMB 6.8 2.2 0.32 

Guaiacol 9.5 2.9 0.3 

p-aminoantipyrine 11.7 1.57 0.134 

o-Dianisidine 16.6 0.57 0.034 

Pyrogallol 26 0.6 0.023 
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Figure 5. pH optimum of the F. sycomorus latex POLI. The reaction mixture contained in 1.0 ml: 8 mM 
H2O2, 40 mM guaiacol, a suitable amount of enzyme, and 20 mM sodium acetate buffer (pH 3.5 to 5.5), 
sodium phosphate buffer (pH 5.5 to 7.5) and Tris–HCl buffer (pH 7.5 to 9.0). Each point represents the 
average of two experiments. 

 
 
 

pH optima of peroxidase from grape were 5.4, banana 
4.5 to 5.0, pineapple 4.2, horseradish peroxidase (HRP) 
4.6 to 5.8, potato 5.0 to 5.4 (Vamos-Vigyazo, 1981), 
black gram 5.5 (Ajila and Prasada Rao, 2009) and E. 
characias latex 5.5 (Floris et al., 1984), wheat germ 5.5 to 
6.3 (Billaud et al., 1999). Lopez and Burgos (1995) 
reported that the release of heme group from the enzyme 
active site was pH dependent and occurred most rapidly 
at lower and higher pH and lead to the loss in activity. 
The active site of the enzyme is mainly composed of ionic 
groups (prosthetic groups) that must be in the proper 
ionic form in order to maintain the conformation of the 
active site of enzyme for substrate binding or reaction 
catalysis (Lopez and Burgos, 1995). 

The optimal temperature and the effect of heat on the 
stability of the Ficus sycomorus latex POLI activity were 
examined using guaiacol as substrate (Figures 6 and 7). 
The optimal temperature for the enzyme was 35 to 40°C. 
More than 70% of the activity of the enzyme was retained 
in the temperature range of 10 to 50°C. POLI showed 
highest thermal stability. No loss of enzyme activity was 
recorded up to 60°C, whereas only 20% loss of enzyme 
activity was recorded at 70 to 90°C after the enzyme 
incubated at different temperatures for 15 min prior to 
substrate addition. The results appeared clear difference 
between the optimum temperature and thermal stability 
concerning with the residual activity. This may be 
attributed     to    H2O2   in     the   experiment;    optimum  
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Figure 6. Optimum temperature of F. sycomorus latex POLI. The enzyme activity 
was measured at various temperatures using the standard assay method as 
previously described. Each point represents the average of two experiments. 
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Figure 7. Effect of temperature on the thermal stability of F. sycomorus latex 
POLI. The reaction mixture contained in 1.0 ml: 8 mM H2O2, 40 mM guaiacol, 
50 mM sodium acetate buffer, pH 5.5 and a suitable amount of enzyme. The 
reaction mixture was pre-incubated at various temperatures for 15 min prior to 
substrate addition, followed by cooling in an ice bath. Activity at zero time was 
taken as 100% activity. Each point represents the average of two experiments. 

 
 
 

temperature was decayed at high temperature (70 to 
90°C) and the enzyme activity was rapidly lost. Time 
dependent heat inactivation of POLI was studied in order 
to investigate its thermal resistance (Figure 8). The 

enzyme was incubated for different times at different 
temperatures (60 to 90°C) prior to substrate addition. The 
enzyme appeared thermal stability at 60°C during 30 min, 
whereas slightly lost in enzyme activity (25%)  for 60 min.  
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Figure 8. Time dependent heat inactivation profiles for F. sycomorus latex POLI. The enzyme was incubated for different times at different temperatures 

(60 to 90°C) prior to substrate addition and the residual peroxidase activity was assayed under standard assay conditions. Each point represents the 
average of two experiments. 
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Table 4. Effect of metal ions on F. sycomorus latex POLI. 
 

Metal 
% Relative activity 

1 mM 5 mM 10 mM 

Ca+2 103 118.2 98.2 

Mg+2 115.4 98.6 95.6 

Fe+3 90 89 83 

Zn+2 96.3 95 92 

Ni+2 102.6 104 96.4 

Hg+2 94 92 88.5 

Mn+2 83.3 96.3 104 

Cu+2  87 73.3 62 
 

Enzyme was pre-incubated for 15 min at 37°C with 1, 5 and 10 mM of listed ions as a final concentration prior to substrate 
addition. Each value represents the average of two experiments. 

 
 
 

At 70, 80 and 90°C, 23, 25 and 30% of POLI activity were 
lost during 30 min and after 1 h the residual activities of 
POLI were 50, 30 and 9%, respectively. The results show  
non-linear inactivation curves which is due to the 
formation of new complexes of higher thermostability 
formed from thermally denatured enzyme protein and 
groups of peroxidase that remain active (Vamos-Vigyazo, 
1981). Peroxidase is reported to be one of the most heat 
stable enzymes in plants. It was observed that 6 min at 
121°C is needed to inactivate POD in green peas 
(Vamos-Vigyazo, 1981). However, the resistance to 
treatment depends on the source of the enzyme as well 
as the assay conditions, especially pH and nature of 
substrate employed. Present study shows that the 
thermal stability of POLI is greater than that reported for 
strawberry (Whitaker, 1995) and black gram (Ajila and 
Prasada Rao, 2009). It has been shown that the thermal 
stability of peroxidase is due to the presence of a large 
number of cysteine residues in the polypeptide chain.  

The activity of F. sycomorus latex POLI was variously 
affected by the presence of metal ions at 1, 5 and 10 mM 
(Table 4). The peroxidase activity was slightly enhanced 
by low concentration (1 and 5 mM) of Ca

2+
, Ni

+2
 and Mg

2+
 

and  high concentration (10 mM ) of Mn
2+

. Fe
+3

, Zn
+2

 and 
Hg

+2
 at all concentrations caused slightly inhibitory 

effects. The activity of enzyme was moderately inhibited 
by Cu

+2
 (87 to 62% inhibition). Fe

3+
 is considered 

essential for the activity of most plant POD enzymes as it 
is involved in binding of H2O2 and formation of compound 
I (Civello et al., 1995; Wong et al., 1995). Among the 
metal ions tested, Ca

+2
 is a cofactor that serves to 

maintain the conformational integrity of the enzyme’s 
active site (Adams et al., 1996). Activation by Ca

+2
 ions 

was reported for avocado mPOD (Sanchez-Romera et 
al., 1994) and barley grain and wheat germ sPOD, where 
Ca

+2
 enhanced activities by ~2- and 6-fold, respectively 

(Billaud et al., 1999). The purified peroxidase from E. 
characias latex contained 1 mol of endogenous calcium 
per mol of enzyme; removal of this calcium ion resulted in 
almost complete loss of the enzyme activity. However, 

when excess Ca
+
 was added to the native enzyme the 

catalytic efficiency was enhanced by 3 orders of 
magnitude (Clemente, 1998). 
 
 
Conclusion 
 
POLI from sycamore fig F. sycomorus latex was found to 
be a rich source for a peroxidase enzyme. The enzyme 
showed high thermostability, broad pH optimum and the 
substrates commonly used in immunodiagnostic kits, 
were  found  to  be  the  best  substrates  for the enzyme. 
Therefore, the enzyme may be used for several 
applications such as practical analytical applications. 
 
 
 

Abbreviations: 
 
SDS, Sodium dodecyl sulphate; ABTS, 2,2-azino-bis [3-ethyl-
benzothiazoline-(6)-sulfonic acid]; 4C-1N, 4-chloro-1-naphthol; 
OPD, o-phenylenediamine; TMB, 3,3`,5,5`tetramethylbenzidine; 
DEAE, diethylaminoethyl; HRP, horseradish peroxidase; PAGE, 
polyacrylamide gel electrophoresis. 
 
 
 
REFERENCES 
 

Abdel-Hameed El-SS (2009). Total phenolic contents and free radical    
scavenging activity of certain Egyptian Ficus species leaf samples. 
Food Chem. 114: 1271-1277. 

Adams JB, Harvey A, Dempsey CE (1996). Regenerated and denatured 
peroxidase as potential lipid oxidation catalysis. Food Chem. 57: 505-
514. 

Ajila CM, Prasada Rao UJSJ (2009). Purification and characterization of 
black gram (Vigna mungo) husk peroxidase. J. Molec. Cataly. B: 
Enzymatic, 60: 36-44. 

Ao C, Li A, Elzaawely AA, Xuan TD, Tawata S (2008). Evaluation of 
antioxidant and antibacterial activities of Ficus microcarpa L. fil. 
Extract. Food Control, 19: 940-948. 

Bernards MA, Fleming WD, Llewellyn DB, Priefer R, Yang X, Sabatin A, 
Plourde GL (1999). Biochemical characterization of the suberization-
associated anionic peroxidase of potato. Plant Physiol. 121: 135-145. 

Billaud C, Louarime L, Nicolas J (1999). Comparison of peroxidases 
from barley kernel  (Hordeum vulgare L.)  and  wheat  germ  (Triticum  



17542        Afr. J. Biotechnol. 
 
 
 

aestivum L.): isolation and preliminary characterization. J. Food 
Biochem. 23: 145-172. 

Boeuf G, Bauw G, Rambour S (2000). Purification and characterization 
of a basic peroxidase from the medium of cell suspension culture of 
chicory. Plant Physiol. Biochem. 38: 217-224. 

Bradford MM (1976). A rapid and sensitive method for the quantitation 
of microgram quantities of protein utilizing the principle of protein-dye 
binding. Anal. Biochem. 72: 248-254. 

Civello PM, Martinez GA, Chaves AR, Anon MC (1995). Peroxidase 
from strawberry fruit (Fragaria ananassa Duch): partial purification 
and determination of some properties. J. Agric. Food Chem. 43: 
2596-2601. 

Clemente E (1998). Purification and thermostability of isoperoxidase 
from oranges. Phytochem. 49: 29-36. 

Das MK, Sharma RS, Mishra V (2011). A novel cationic peroxidase 
(VanPrx) from a hemi-parasitic plant (Viscum angulatum) of Western 
Ghats (India): Purification, characterization and kinetic properties.  J. 
Molec. Cataly. B: Enzymatic, 71: 63-70. 

Davis B (1964). Disc electrophoresis. Method and application to human 
serum proteins. Ann. N. Y. Acad. Sci. 121: 404-427. 

Domsalla A,  Melzig MF (2008). Occurrence and properties of proteases 
in plant lattices.  Planta Medica. 74: 699-711. 

Duarte-Vazquez MA, Garcia-Almendarez B, Regalado C, Whitaker JR 
(2000). Purification and partial characterization of three turnip 
(Brassica napus L) peroxidases. J. Agric. Food Chem. 48: 1574-
1579. 

Dubey VK, Jagannadham MV (2003). Procerain, a stable cysteine 
protease from the latex of Calotropis procera. Phytochem. 62: 1057-
1071. 

Dunford HB (1999). Heme peroxidases. New York: Willey, pp. 480.  
Egorov AM, Gavrilova EM, Sakharov IY (2000). Integrated plant 

systems Geneva, In Greppin, H.; Penel, C., Broughton, W. J., 
Strasser, R.,Eds, University Geneva;  pp. 369-385.  

Evert RF (2006). In Esau's Plant Anatomy 3
rd

 edn; Evert, R. F., Ed.; 
John Wiley and Sons, Inc.; pp. 473-501. 

Floris G, Medda R, Rinaldi A (1984). Peroxidase from euphorbia 
characias latex: purification and properties. Phytochem. 23: 953-956. 

 Freitas CDT,  Oliveira JS, Miranda  MRA, Macedo NMR, Sales MP, 
Villas-Boas LA,  Ramos MV (2007). Enzymatic activities and protein 
profile of latex from Calotropis procera. Plant Physiol. Biochemistry, 
45: 781-789. 

Gazaryan I, Lagrimini LM, Ashby GA, Thorneley RNF (1996). The 
mechanism of indole-3-acetic acid oxidation by plant peroxidases: 
anaerobic stopped-flow spectrophotometric studies on horseradish 
and tobacco peroxidases. Biochem. J. 313: 841-847. 

Gorton L (1995). Carbon paste electrodes modified with enzymes, 
tissues, and cells. Electroanal. 7: 23-45. 

Gottlieb LD (1973).  Enzyme differentiation and phylogeny in Clarkia 
franciscana, C. rubicunda and C. amoena. Evolution, 27: 205-214. 

Hagel JM, Yeung EC, Facchini PJ (2008). Got milk? The secret life of 
lacticifers. Trends Plant Sci. 13: 631-639. 

Hu C, Smith R, Van Huystee RB (1989). Biosynthesis and localization 
of peanut peroxidases. J. Plant Physiol. 135: 391. 

Jiang SF, Zhang SY, Cao L, Pan CE, Wei MX (2005). Development of 
immunoblot kit for the detection of anti-Toxoplasma antibodies. 
Zhongguo Ji sheng chong  Xue Ye Ji Sheng chong Bing Za Zhi. 30: 
449-452. 

Kawano T (2003). Roles of the reactive oxygen species-generating 
peroxidase reactions in plant defense and growth induction. Plant 
Cell Rep. 21: 829-837. 

Kumara R, Singhb KA, Singha VK, Jagannadham MV (2011). 
Biochemical characterization of a peroxidase isolated from Caribbean 
plant: Euphorbia cotinifolia. Process Biochem. 46: 1350-1357. 

Kuslys T, Vishwanath BS, Frey FJ, Frey BM (1996).  Differences in 
phospholipase A2 activity between males and females and Asian 
Indians and Caucasians. Eur. J. Clin. Invest. 26: 310-315. 

Laemmli UK (1970). Cleavage of structural proteins during the 
assembly of the head bacteriophage T4. Nature, 227: 680-685. 

 Lansky EP, Paavilainen HM, Pawlus AD, Newman RA (2008). Ficus 
spp. (fig): Ethnobotany and potential as anticancer and anti-
inflammatory agents. J. Ethnopharmacol. 119: 195-213. 

Lopez P, Burgos J  (1995).  Peroxidase  stability  and  reactivation  after 

 
 
 
 
heat treatment and manotherosonication. J.Agric. Food Chem. 43: 620-

625. 
McLusky SR, Bennett MH, Beale MH, Lewis MJ, Gaskin P, Mansfield J 

W (1999). Cell wall alterations and localized accumulation of feruloyl-
3-methoxytyramine in onion epidermis at sites of attempted 
penetration by Botrytis allii are associated with actin polarization, 
peroxidase activity and suppression of flavonoid biosynthesis. Plant 
J. 17: 523-534. 

Medda R, Padiglia A, Longu S, Bellelli A, Arcovito A, Cavallo S, 
Pedersen JZ, Floris G (2003). Critical role of Ca

2+
 ions in the reaction 

mechanism of Euphorbia characias peroxidase.  Biochemistry, 42: 
8909-8918. 

Miranda MV, Fernandez Lahor HM, Cascone O (1995). Horseradish 
peroxidase extraction and purification by aqueous two-phase 
partition. Appl. Biochem. Biotech., 53: 147-154. 

Mohamed SA, El-Badry MO, Drees EA, Fahmy AS (2008). Properties of 
 
a cationic peroxidase from Citrus Jambhiri cv. Adalia.  Appl. Biochem. 

Biotech.  150: 127-137. 
Mura A, Medda R, Longu SA (2005). A Ca

2+
/calmodulin-binding 

peroxidase from Euphorbia latex: novel aspects of calcium-hydrogen 
peroxide cross-talk in the regulation of plant defenses. Biochemistry,  
44: 14120-14130. 

Mura A, Pintus F, Fais A, Porcu S, Corda M, Span  D, Medda R, Floris 
G (2008). Tyramine oxidation by copper/TPQ amine oxidase and 
peroxidase from Euphorbia characias latex.  Arch. Biochem. Biophys. 
475: 18-24. 

Onsa GH, bin Saari N, Selamat J, Bakar J (2004). Purification and 
characterization of membrane-bound peroxidases from Metroxylon 
sagu. Food Chem. 85: 365-376 

Quiroga M, Guerrero C, Botella MA, Barcelo A, Amaya I, Medina MI, 
Alonso FJ, Milrad de Forchetti S, Tigier H,  Valpuesta V (2000). A 
tomato peroxidase involved in the synthesis of lignin and suberin. 
Plant Physiol. 122: 1119-1127. 

Rajesh R, Nataraju A, Gowda CDR, Frey BM, Frey FJ (2006). 
Purification and characterization of a 34-kDa, heat stable glycoprotein 
from S. grantii latex: action on human fibrinogen and fibrin clot. 
Biochimie, 88: 313-1322. 

Regalado C, Arvizu P, Garcia-Almendarez B (1999). Purification and 
properties of two acidic peroxidases from Brussels sprouts (Brassica 
oleracea L.). J. Food Biochem. 23: 435-440. 

Richard-Forget FC, Gauillard FA (1997). Oxidation of chlorogenic acid, 
catechins, and 4-methylcatechol in model solutions by combinations 
of pear (Pyrus communis Cv. Williams) polyphenol oxidase and 
peroxidase: a possible involvement of peroxidase in enzymatic 
browning. J. Agric. Food Chem. 45: 2472-2476. 

Rubnov S, Kashman Y, Rabinowitz R, Schlesinger M, Mechoulam R 
(2001). Suppressors of cancer cell proliferation from fig (Ficus carica) 
resin: isolation and structure elucidation. J. Nat. Prod. 64: 993-996. 

Sanchez-Romera C, Garcia-Gomez M, Pliego-Alfaro F, Heredia A 
(1994). Effect of partial deglycosylation on catalytic characterization 
and stability of an avocado peroxidase. Physiol. Plant. 92: 97-101. 

Sundd M, Kundu S, Pal GP, Jagannadham MV (1998). Purification and 
characterization of a highly stable cysteine protease from the latex of 
Ervatamia Coronaria. Biosci. Biotech. Biochem. 62: 1947-1955. 

Ullman, S. B. (1952). The inhibitory and necrosis-inducing effects of the 
latex of Ficus carica L. on transplanted and spontaneous tumors. 
Exp. Med. Surg. 10: 26-49.  

Ullman SB, Clark GM, Roan KM (1952). The effects of fraction R3 of the 
latex of Ficus carica L. on the tissue of mice bearing spontaneous 
mammary tumors. Exp. Med. Surg. 10: 287-305. 

Valderrama P, Clemente E (2004). Isolation and thermostability of 
peroxidase isoenzymes from apple cultivars Gala and Fuji. Food 
Chem. 87: 601-606. 

Vamos-Vigyazo L (1981). Polyphenol oxidase and peroxidase in fruits 
and vegetables. Crit. Rev. Food Sci. Nutr. 15: 49-127. 

Van der Horn RAL, Jones JDG (2004). The plant proteolytic machinery 
and its role in defense. Curr. Opin. Plant Biol. 7: 400-407. 

Veitch, N.C. (2004). Horseradish peroxidase: a modern view of a classic 
enzyme. Phytochemistry, 65: 249-259. 

Vishwanath BS, Fux CA, Uehlinger DE, Frey BM, Franson RC, Frey FJ 
(1996). Haemodialysis activates phospholipase A2 enzyme.  Nephrol. 



 
 
 
 
    Dial. Transplant, 11: 109-116.   
Wang J, Wang X, Jiang S, Lin P, Zhang J. et al. (2008). Cytotoxicity of 

fig fruit latex against human cancer cells. Food Chem.Toxicol. 46: 
1025-1033. 

Whitaker JR (1995). Principles of Enzymology for the Food Sciences, 
Marcel Dekker, Inc. New York. 

Winans V (1981). Methods of purification of thermally stable enzymes. 
United States Patent No. 4,250, 263  

Wong DW (1995). In Food Enzymes:Structure and Mechanism, 
Dominic, W. S.  Ed.; New York, Champman and Hall, pp. 321-345. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mohamed et al.       17543 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


