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1.(Introduction 
The peroxidases (E.C.I.II.I.7) are a family of enzymes able to oxidize different substrates using H2O2. The 
plant’s peroxidase are class III of this enzyme, POD’s involved to many plant’s reactions such as pathogen-
defense, wound healing [1], and cell development[2].The peroxidases enzymes are widely used on many 
research areas and biotechnological tools[3]. So peroxidases have a commercial importance, for example, in 
diagnostics tool, such as enzyme immunoassays, biosensors… etc[4]. 
A recent study proves the value of peroxidase. It’s used as an ecological alternative on  polymerization of some 
polymer [5]. It is also used on new immunoassays techniques using nanostructures. In addition, peroxidases are 
used in wastewater treatment, and dye contamination [6]. 
The peroxidasesclass III are extracted from plants[7]. Currently, the main origin of plants’ peroxidase is 
Horseradishof the Brassica family, and the most studied one[8]. However, many plants have peroxidase activity. 
Brassica oleraceae var. ramosa has never been studied, and is commonly consumed by Moroccan Southeast’s 
population as a food. This family is consumed all over the world since centuries. Brassica is a family of diverse 
species which include horseradish, cabbage; broccoli, cauliflower, etc...[9, 10] 
The species of Brassica are cultivated and consumed across the world [11]. This family represents an 
evolutionary example of genotypic and phenotypic diversity. In the southeast of Morocco, population breeds 
and cooks Brassica oleraceae var. ramosa (zegzaw). 
Thus, brassicaceae vegetables have been widely studied for their nutritional value, and their bioactive 
compounds[12, 13]. Brassica oleracea var. ramosa, is commonly used in the southeast of Morocco as 
vegetables with couscous or soup. Only the aerial part is consumed, the roots are generally thrown away.  
This study describes the extraction and comparison of two peroxidasesof leaves and roots of Brassica oleracea 
var. ramosa, and its characterization. 

Abstract 
Brassica oleraceae var. ramosais a leafy vegetable commonly used in southeast of 
Morocco in population’s food. So far, no study has been made on Brassica oleraceae 
var. ramosa’s. In this study we extract and partially purify new peroxidases from leaves 
and roots of Brassica oleraceavar.ramosa. A simple purification method was performed 
by: precipitation technique, gel filtration on Sephadex G-25 and dialysis. The molecular 
weight of this enzyme was found by SDS-PAGE to be around 62.34kDa for roots, and 
70.35 kDa for leaves.  The purified enzymes had affinity with guaiacol as substrate. The 
optimal activity of the enzymes was at 40°C and pH 6.00. Moreover, the reactions with 
different ions and salt were studied (NaCl, Fe3+, Cu2+…). The enzymes were inhibited 
by β-mercaptoethanol and sodium azide. In conclusion, those new peroxidases are 
stable at different conditions, and show an interesting result with some metal ions, 
which makes it a good candidate for biotechnological applications. 
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2.(Material and Methods 
2.1. Crude extracts preparation 

Brassica oleraceae var. ramosa was collected from hothouse plant of Faculty of Sciences (University Mohamed 
Ist, Oujda, Morocco). Taxonomic identification was performed by Pr. A. Berrichi from the Department of 
Biology, Faculty of Sciences (University Mohamed Ist, Oujda, Morocco).  
 

2 . 1 . 1!Leaves:  
Brassica Oleracea var. Ramosa leaves (50 g) were cut into pieces and homogenized with 90 ml of 4°C 
phosphate buffer 50 mM pH 6. The homogenate was filtrated through Buchner funnel and centrifuged at 3000 
rpm for 15 min.  The supernatant was collected. 
 

2 . 1 . 2!Roots: 
Brassica Oleracea var. Ramosa leaves (50 g) were cut into pieces and homogenized with 60 ml. The same steps 
were followed for protein precipitation.  
 

2.2. Protein precipitation  
Several precipitations were preceded by ammonium sulfate in range of 30-75% saturation, and centrifuged again 
at 3000 rpm for 15 min. The pellets were collected and dissolved in phosphate buffer 50 mM pH=6. 

2.3. Chromatography procedure and dialysis 
Two Milliliters of the concentrated enzyme sample was loaded onto G-25 column. 
The column was equilibrated and eluted by 50 mM Phosphate buffer pH 6.0 using isocratic elution. Two 
milliliters fractions were collected throughout the elution. Absorbance at 280 nm and peroxidase activity was 
monitored. The fractions of the active peroxidase were pooled and dialyzed for 24 h against distilled water. 
 

2 . 2!SDS-PAGE electrophoresis:  
Molecular weight: SDS-PAGE was performed in gel 15%. Purified enzyme was loaded. gels were stained with 
Coomassie Brillant Blue R-250 [14]. Standard protein, such as lysozyme (14 kDa), trypsin (23.3 kDa), bovine 
serum albumin (67kDa), lactoperoxidase (77.5 kDa) were used for the calibration. 

2 . 3!Protein Concentration 
Protein concentration was measured according to the procedure described by Bradford. Bovin serum 
albumin (BSA) was used as standard protein[15]. 

2 . 4!Enzyme characterization:  
Substrate specificity, optimum pH and peroxidase activity assay: 

2 . 5!Substrate specificity: 
Substrate specificity was studied by spectrophotometric assay, using H2O2 with tree different substrates: 
Guaiacol, Benzidine and amino antipyrine. To study the kinetic parameters, different concentrations of each 
substrate were added in 1.3 mL of reaction solution containing 50 mM of suitable buffer, 100 µL sample of 
enzyme and different concentrations of H2O2. 
The following wavelengths and molar extinction coefficients were: Guaiacol λ 470 nm and ξ 26.6 mM-1.cm-1, 
Benzidine λ 652 nm and ξ 39 mM-1.cm-1, Amino antipyrine λ 510 nm and ξ 6.58 mM-1.cm-1. One unit of 
enzymatic activity was defined as the amount of enzyme that oxidizes 1µmol/min of hydrogen donors under 
assay conditions. The Michaelis constant (Km) and maximum catalytic rate (Vmax) were calculated from 
Lineweaver-Burk plotting.  
The Guaiacol was chosen as the substrate for the peroxidase activity assay. The following paragraph describes 
the enzymatic assay.  

2 . 6!Enzymatic assay:  
Enzymatic assay was determined by colorimetric reaction using spectrophotometer (Metash V-5600 Visible 
Spectrometer). The concentration of tetraguaiacol was followed at 470 nm during 5 minutes.[16] The changes of 
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470 nm wavelength absorbance were followed during 5 minutes. Enzymatic reaction was done in 1.3 mL 
volume reaction mixtures for root’s enzyme (PrxR) and leave’s enzyme (PrxL). The 100 µL sample of enzyme, 
7.5 mM guaiacol with different concentrations of H2O2 in 50 mM phosphate buffer (pH 6.00). 

2 . 7!Determination of optimum temperature: 
The optimal temperature was determined by measuring enzyme activity under different temperature ranging 
from 10 to 80°C.  

2 . 8!Determination of optimum pH:  
The optimal pH was determined by measuring enzyme activity under different pH, using the following buffers: 
50 mM citrate buffer (pH 2.5 to 5.5), phosphate buffer (pH 6.0 to 7.5) Tris-HCl (pH 8.0 to 8.5), and glycine-
NaOH (pH 9.00 to 11.00). 

2 . 9!Effect of various compounds and metals ions: 
Enzyme was pre-incubated for 30 minutes at 40°C with various metal ions (Ca2+, Cu2+, Fe3+, Mg2+, Zn2+). 
Enzyme activity was evaluated with different compounds: sodium azide, β-mercaptoethanol, and NaCl.   

2 . 10!Statistical analysis: 
All the experiments were repeated three times and expressed as means ± SD. The statistical significances of 
different factors were evaluated by analysis of variance (ANOVA), using Microsoft excel. P-value less than 
0.05 (p˂0.05) was considered to be statistically significant. 

3.(Results and discussion 
3 . 1!Enzyme purification: 

3 . 1 . 1!Leave’s peroxidase:  
From 50 g of fresh leaves and 50 g of fresh roots, we extracted 90 mL and 60 mL of protein mixture 
respectively. We followed protocol which includes three steps: ammonium sulfate precipitation, Sephadex G-25 
desalting chromatography and dialysis. The results for each purification step are summarized in Table1.  

Table 1: Summary of each purification step of peroxidase from Brassica oleraceae var. Ramosa leaves and roots. 
Leaves Total protein 

(µg/ml) 
Enzymatic 
activity (U) 

Specific activity 
(U/mg) 

Purification fold yield (%) 

Crude extract 2353,9 85,65 36,39 1 100 
Ammonium precipitation 4728,9 41,98 8,88 0,24 49,01 

Sephadex G-25 4,69 24,67 5264,07 144,67 28,80 
Roots      

Crude extract 549,24 240,18 437,30 1 100 
Ammonium precipitation 2609,16 91,36 35,02 0,08 38,04 

Sephadex G-25 3,39 2,82 833,13 1,91 1,18 

 
At higher concentrations, protein solubility usually decreases, leading to precipitation: salting-out. This 
principle is used to precipitate the peroxidase. Crude extracts of leaves and roots of Brassica oleraceae var. 
Ramosa, were precipitated by ammonium sulfate in range of 30-75% saturation. For leave’s and root’s extract, 
the best results were obtained by 40% ammonium sulfate saturation. For leave’s extract, we lost 51% with 
ammonium precipitation. Purification fold was 144.67 and yield 28.80 (table1.) After filtration chromatography 
with Sephadex G-25, we concentrate and dialyze active fractions against distilled water for 24 h. We reach a 
reasonable yield (28.8%), and leave’s peroxidase (PrxL) was purified 144.67 time. As for root’s extract, we 
followed the same steps, but we lost 98% of POD’s activity. After the last step (Sephadex G-25) we have a low 
yield 1.18%. However, with the same quantity of plant material, roots had bigger enzymatic activity (2.8 times) 
than leave’s extract.  



Zahidi et al., J. Mater. Environ. Sci., 2018, 9 (5), pp. 1398-1404 1401 
!

a) b) 

 

0 .0 0 .2 0 .4 0 .6 0 .8 1 .0
0

2

4

6

R f

L
o
g
&(
M
W
)

 
Figure1: a) SDS-PAGE analysis of peroxidases enzymes PrxL and PrxR with Coomassie Blue staining. Lane1: protein 

molecular weight marker; Lane 2: Purified PrxL; Lane 3: Purified PrxR. b) Standard graph log MW-Rf. 
 

3 . 2!Molecular weight:  
The molecular weight and purity were determined by SDS-PAGE, after Coomassie Blue staining. The 
molecular weightsare calculated from a plot of log Rf versus protein standard. Figure 1. a) shows lane 1: with 
proteins standards. Lane 2 shows Peroxidase extracts from leaves of Brassica oleraceae var. Ramosa (PrxL). 
PrxL lane shows two bands: an impurity band and peroxidase enzyme (PrxL), the molecular weight of PrxL was 
around 70.35 kDa. Lane 3 shows two bands: the first one is the peroxidase band (PrxR) (62.34 kDa), the second 
band is an impurity. SDS-PAGE analysis shows that the peroxidase in the leaves is different than the peroxidase 
in the roots. Molecular weights of most plants peroxidases varies from 30 to 60 kDa[17]. In comparison with 
Horseradish peroxidase’s (40 – 46 kDa), PrxL and PrxR are greater [18].  
 

Table 2: Substrate specificity of PrxL 
 λ (nm) Km (mM) Specific activity (µmol/min/mg) 

Guaiacol 470 6.34 24.62 
Benzidine 652 4,7 4.59 

Amino antipyrine 510 34 1.34 
 

3 . 3!Enzyme characterization  
3 . 3 . 1!Determination of substrate specificity: 

For this purpose, we test three different substrates: Guaiacol, Benzidine and Aminoantipyrine. Only the PrxL 
were tested. PrxL were able to oxidize other substrates: hydroquinone, pyrocatechol (data not shown). The Km 
and Vmax of each substrate were determinate at 40°C under optimum pH. The results in Table 2. shows that 
guaiacol and benzidine have high affinity to PrxL, with Km value of 6.34 mM and 4.7mM respectively. For 
aminoantipyrine the Km value was 34 mM, which is 5.4 folds higher than that of guaiacol.     

 

3 . 3 . 2!Determination of optimum pH and temperature: 
As shown in Figure 3, the maximum activity for PrxL and PrxR was found to be at 40°C and pH 6.00. Both 
peroxidases showed no significant differences. Moreover, both PrxL and PrxR have their highest activity in 
acidic conditions. PrxR and PrxL had narrow pH optimum range at pH 6.00. As shown in Figure 3. a) relative 
activities decrease rapidly. This similarity in optimal pH suggests that peroxidases may be synthesized for the 
same aim (defense against pathogen, wound healing…) [19, 20]. For example, Brassica rapa has his optimal pH 
6.00, as for Raphanus sativus[21, 22].  
Optimum temperature was investigated. PrxL and PrxR were incubated with buffer at different temperature (10 
– 80 °C). The maximum activity was found at 40°C for both peroxidases. Our results agrees with those reported 
for Brassica oleraceae var. botrytis, on the fact that optimum temperature was around 45 – 55 °C [23].!
 



Zahidi et al., J. Mater. Environ. Sci., 2018, 9 (5), pp. 1398-1404 1402 
!

 

0 5 10 15
0

50

100

150

p H

R
el

at
iv

e 
ac

ti
v

it
y

 (
%

)

P rx L

P rx R

a ) .

 

0 20 40 60 80 100
0

50

100

150

T e m p e ra tu re  ° C

R
el

at
iv

e 
ac

ti
v

it
y

 (
%

)

P rx L

P rx R

b ) .

 
Figure 3: (a) Effect of pH on the PrxL activity. PrxL activity was incubated for 2h with various pH values (2.5 – 11), using 

guaiacol as a substrate. The highest activity was set as 100%. (b) Effect of temperature on the PrxR activity. PrxL was 
measured under different temperature (10 – 80°C) using guaiacol as substrate. 

 
Table 3: Effect of metal on PrxL and PrxR. The enzymes were first incubated with 0.08, 0.15 and 0.77 g/L of various 
metal ions for 2h, and then the enzymatic activity was measured. Activity of the enzyme without metal ions incubation 

(control) was set as 100%. Results were shown as mean ± standard deviation of three replicas. 
Compound  Concentration (g/l) 
  0,08 0,15 0,77 
Control  100 100 100 
CaCO3       PrxL 109,41 ± 17,13 115,96 ± 21,68 137,93 ± 26,79 

PrxR 103,69 ± 15,03 105,82 ±17,36 146,27 ± 18,48 
CuCl2 PrxL 82,63 ± 7,56 117,91 ± 11,65 93 ± 9,21 

PrxR 65,17 ± 10,33 123,97 ± 13,01 75,7 ± 4,89 
ZnSO4 PrxL 72,64 ± 6,45 111,81 ± 9,12 116,87 ± 12,45 

PrxR 131,01 ± 23,86 153,56 ± 18,37 158,46 ± 20,85 
FeCl3 PrxL 90,59 ± 5,33 80,23 ± 6,48 76,2 ± 7,67 

PrxR 78,31 ± 7,00 43,62 ± 7,34 23,49 ± 6,61 
MgCl2 PrxL 80,23 ± 7,24 91,13 ± 12,82 119,52 ± 18,23 

PrxR 142,02 ± 16,35 162,27 ± 12,45 193,82 ± 15,84 
NaCl PrxL 99,87 ± 7,21 124,5 ± 19,37 82,83 ± 6,79 

PrxR 68,17 ± 4,42 46,34 ± 3,72 13,94 ± 4,69 
NaN₃ PrxL 1,6 ± 0,11 1,34 ± 0,21 0 

PrxR 10,34 ± 1,39 9,55 ± 1,14 0 
β- mercaptoethanol PrxL 90,98 ± 10,27 37,15 ± 4,54 10,93 ± 5,39 

PrxR 5,34 ± 0,25 0 0 
 

3 . 3 . 3!Effect of various compounds and metals ions: 
The enzymatic activities (PrxL and PrxR) were investigated in presence of different metal ions. Table 3 show 
the results obtained. We tested three ions concentrations on the enzymatic activities. PrxL and PrxR were 
inhibited by FeCl3+. For PrxR the metal ions strongly decrease the enzymatic activity: we lost 76.51% of the 
activity with 0.77g/L of FeCl3+. For PrxL, while 24% inhibition was caused by FeCl3+. Inhibition with FeCl3+ 
was also observed in peroxidases, which were extracted from chewing stick miswak and vanilla [24, 25].  
On the other side, the enzymatic activities were increased by CaCO3, ZnSO4, MgCl2 and some concentrations of 
CuCl2. The largest increase was observed in PrxR by MgCl2 at the three used concentrations (more 93.82% 
activity by 0.77g/L). Similar results were observed on peroxidase purified from Jatropha curca[17]. 
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Moreover, we tested the effect of NaCl on enzyme activities. The activity of PrxL decreases with NaCl (0.08 
and 0.77g/L). However, we obtained an increase of enzymatic activity at 0.15 g/L of NaCl. For root’s 
peroxidase (PrxR), NaCl shows an inhibition with the three concentrations (Table 3).  
Both enzymes (PrxR and PrxL) were inhibited by NaN3, and β-mercaptoethanol. We obtained a total inhibition 
in some case.  

Conclusion 
Brassica oleraceae var. Ramosa is a leafy vegetable consumed by south east population of Morocco. In this 
study, we have extracted and partially purified the peroxidase enzyme from leaves and roots. The enzymes 
extracted have different molecular weight which means that two different peroxidases are synthetized. The roots 
synthetize a larger quantity of the peroxidase. The Enzymes extracted show stability at different conditions 
(temperature and pH), with various metals ions: PrxR was increased with some ions, such as MgCl2 (the activity 
has increased almost twice (+98%)), which make them a good candidate for biotechnological tools. In addition, 
only leaves of Brassica oleraceae var. ramosa are consumed. Recycling roots may have an economical and 
environmental interest. Purification procedure needs to be further optimized. Also, this plant makes an 
interesting candidate for further studies in different fields. 
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