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Background: In this study, it is aimed to purify POD from leaves of Rosmarinus officinalis L. and determine 
its some biochemical properties. PODs are a group of oxidoreductase enzymes that catalyze the oxidation 
of a wide variety of phenolic compounds in the presence of hydrogen peroxide as an electron acceptor.
Materials and Methods: In this investigation, POD was purified 9.3‑fold with a yield of 32.1% from the leaves 
of Rosemary by ammonium sulfate precipitation and ion‑exchange chromatography. The enzyme biochemical 
properties, including the effect of pH, temperature and ionic strength were investigated with guaiacol as an 
electron donor. For substrate specificity investigation of the enzyme, Michaelis constant and the maximum 
velocity of an enzymatic reaction values for substrates guaiacol and 3,3′, 5,5′‑TetraMethyle‑Benzidine were 
calculated from the Lineweaver–Burk graphs.
Results: The POD optimum pH and temperature were 6.0 and 40°C. The POD activity was maximal at 
0.3 M of sodium phosphate buffer concentration (pH 6.0). Sodium dodecyl sulphate polyacrylamide gel 
electrophoresis was performed for molecular weight (Mw) determination and Mw of the enzyme was found 
to be 33 kDa. To investigate the homogeneity of the POD, native‑PAGE was done and a single band was 
observed.
Conclusion: The stability against high temperature and extreme pH demonstrated that the enzyme could 
be a potential POD source for various applications in the medicine, chemical and food industries.
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INTRODUCTION

Peroxidases  (PODs)  (donor: H2O2 oxidoreductase, 
EC: 1.11.1.7) belong to a large family of enzymes 
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which contain a ferriprotoporphyrin IX prosthetic 
group[1] and catalyze the oxidation of a wide variety 
of phenolic compounds such as guaiacol, pyrogallol, 
acid chlorogenic, catechin and catechol in the presence 
of hydrogen peroxide or organic hydroperoxides.[2] In 
1936 the enzyme was first found in the fig tree that 
was isolated and characterized from horseradish in 
1941.[3] Multiple forms of POD widely distributed 
in most living organisms including plants, microbes 
and animal tissues.[4] Plant POD are mainly located 
in tonoplast and plasmalema, inside and outside the 
cell wall[5] and participate in diverse physiological 
functions such as lignification process[6] and in the 
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mechanism of defense in physiocally damaged or 
infected tissues.[7] The POD superfamily can be divided 
into three classes according to their origin, amino acid 
homology and metal‑binding capability.[8] Class  III 
POD are found in several large family of plants[9] and 
are monomeric glycoproteins containing four conserved 
disulfide bridges which are activated in the presence of 
calcium ions.[10] PODs from different sources are widely 
used in the clinical, biochemical, biotechnological and 
industrial fields.[11] These enzymes are considered as 
a reagent for organic synthesis and biotransformation 
as well as coupled enzyme assays, chemiluminescent 
assays, immunoassays and treatment of waste 
waters.[12] Despite the variety of plant peroxidase 
sources, there is no previous study on peroxidase from 
Rosmarinus officinalis L. leaves. R.  officinalis L., 
commonly known as rosemary, is a woody, perennial 
herb with fragrant, evergreen needle‑like leaves, native 
to the Mediterranean region which now grows widely 
in other parts of the world. The plant has been shown 
to have antioxidant properties.[13] Thus, rosemary is 
an important plant having nutritional and medicinal 
value. In this present study, we partially purified and 
determined the biochemical characterization of POD 
from the leaves of Rosemary as a new source of POD 
for different applications.

MATERIALS AND METHODS

Plant material
Fresh leaves of Rosemary were collected from the 
campus of Isfahan University of Medical Sciences. 
Then, they were transported to the laboratory, washed 
and used for preparation of crude extract.

Preparation of plant extract
Thirty gram from the Rosemary leaves were ground 
with a mortar and homogenized in phosphate buffer, 
pH  6.0 (0.3 M) containing polyvinylpyrrolidone 
(0.05 %w/v) using ice cold blender. The homogenate was 
centrifuged at 15000×g for 60 min at 4°C using Sigma 
3K30 centrifuge. The supernatant was collected.[14]

Purification of the anionic peroxidase
The crude extract was subjected to 10–90% ammonium 
sulphate saturation. Then the mixture was centrifuged 
at 15000×g for 60  min at 4°C using Sigma 3K30 
centrifuge and the precipitate was suspended in the 
minimum volume of phosphate buffer (pH 6.0, 0.3 M). 
Afterward, it was dialyzed for 12 h at 4°C against 1 L the 
same buffer.[14] The dialyzed enzyme sample was loaded 
onto the diethyl amino ethyl (DEAE)‑cellulose column 
(2.5 cm × 30 cm) pre‑equilibrated with 0.02 M phosphate 
buffer (pH 8.0) at 4°C and eluted with a 0.0 – 0.5 M 
Nacl linear gradients in the same buffer at a flow rate 
of 0.7 ml/min. The eluted fractions of 3 ml were collected 

and each activity and absorbance was separately 
measured at 470 nm and 280 nm, respectively.[8] Active 
fractions were pooled and kept at 4°C until use.

Protein electrophoresis
To check the purity of the obtained peroxidase, 
native‑  polyacrylamide gel electrophoresis  (PAGE) 
was performed by making 10% resolving gel with 
3% stacking gel according to laemmlis procedure.[15] 
Enzyme samples were loaded onto the wells of the 
stacking gel and electrophoresis was run at 120 constant 
voltage mode using Tris‑glycine running buffer, pH 8.3. 
After running, gel was incubated in 45 mM guaiacol 
and 22.5 mM H2O2 in 0.3 M phosphate buffer (pH 6.0) 
at 37°C until appearance of the enzyme bands.[14]

Molecular weight determination
Sodium dodecyl sulphate  (SDS)‑PAGE was used for 
determination of molecular weight (MW) of POD from 
rosemary. The sample was boiled in the presence of 
SDS and 2‑mercaptoethanol and separated in a 10% 
gel according to the method of laemmli.[15] The standard 
proteins used for SDS‑PAGE were β‑galactosidase 
(116  kDa), bovine serum albumin (66.2 kDa), 
ovalbumin (45 kDa), lactate dehydrogenase (35 kDa), 
endonuclease (25 kDa), β‑lactogolobin (18.4 kDa) and 
lysozyme  (14.4  kDa). The MW of the purified POD 
was determined by a calibration curve (log molecular 
weights of the standards vs. retention factor values).

Peroxidase activity assay
The POD activity assay was performed with the 
help of koksals protocol[4] with slight modifications, 
using guaiacol as substrate by measurement of 
the absorbance at 470  nm of 3,3ʹ‑Dimethoxy‑4,4ʹ‑ 
biphenoquinone (ε = 6.39/mM/cm) at room temperature. 
The reaction mixture (total volume, 1 ml) consisted of 
sodium phosphate buffer, pH  6.0  (0.3 M), guaiacol 
(45 mM), H2O2 (22.5 mM) and 25 μl of enzyme solution. 
One unit of enzyme activity was defined as the 
amount of enzyme catalyzing the production of 1 mmol 
of  3,3ʹ‑Dimethoxy‑4,4ʹ‑biphenoquinone per min.[16]

Qualitative and quantitative protein determination
During the purification process, the measurement 
of quantitative protein amount was carried out 
spectrophotometrically at 595  nm according to 
Bradfords method,[17] with bovine serum albumin 
as standard. Qualitative protein measurement was 
performed at 280 nm on the eluates obtained.[18]

CHARACTERIZATION OF PURIFIED PEROXIDASE

Effect of temperature
The effect of temperature on the purified POD 
activity was determined by incubating the assay 
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system at different temperatures ranges from 10°C 
to 80°C for 5 min and POD activity was measured 
spectrophotometrically. The percentage POD activity 
was calculated by comparison with unheated enzyme. 
Thermal stability of the POD was determined by 
incubating purified enzyme solution in a test tube 
at 40°C, 50°C and 60°C for fixed time intervals 
(10,20,30,40,50,60 min).[14]

Effect of PH
The effect of pH on the POD activity was investigated 
using wide range of pH  3.0–9.0 in 0.3 M buffers 
(sodium acetate, pH  3.0–5.0; sodium phosphate, 
pH  6.0–7.0; Tris‑HCL, pH  8.0–9.0) at fixed 
concentration of guaiacol and H2O2.

[19]

Effect of ionic strength
The effect of ionic strength on the purified POD 
activity was determined by measuring the activity of 
the enzyme with different concentrations of sodium 
phosphate buffer, pH  6.0  (0.05–2 M) at a fixed 
concentration of guaiacol and H2O2.

Substrate specificity
Under optimal conditions, the effect of different 
substrates on the activity of POD from rosemary was 
investigated by determining the activity with five 
different concentrations of guaiacol (12–75 mM) and 
3,3ʹ,5,5.‑Tetramethyl‑benzidine  (TMB)  (2–10 mM) 
at a fixed H2O2 concentration and five different 
concentrations of H2O2  (12–70 mM) at a fixed 
concentration of guaiacol. Michaelis constant  (Km) 
and maximum velocity of an enzymatic reaction (Vmax) 
values were calculated for POD reactions with each 
of this substrates by the Lineweaver–Burk graph.[20]

Statistical analysis
Data were subjected to ANOVA  (one‑way variance 
analysis) using statistical software SPSS 17. General 
Linear Model procedure was performed to examine 
the effects of temperature, pH and interaction of each 
factor with time on the stability of enzyme. The means 
were presented for averages of experiments that were 
repeated at least three times. Means values were 
compared by post hoc Tukey test. The term significant 
indicates differences for which P < 0.05.

RESULTS

Peroxidase from the leaves of rosemary was isolated 
and purified through two steps of ammonium sulphate 
fractionation and DEAE‑cellulose chromatography. 
The fraction obtained in 80–90% saturation range 
showed the maximum activity. As the result of 
this step, the POD was purified to 3.0‑fold with 
a yield of 66.2%. The enzyme then loaded on a 
DEAE‑cellulose column and bound proteins were 
eluted with a linear gradient of 0.0–0.5 M Nacl in 
0.02 M phosphate buffer  (pH 8.0) at a flow rate of 
0.7 ml/min [Figure 1]. The result of the purification 
of POD from the rosemary leaves is shown in Table 1. 
As can be seen in figure 2, this enzyme exhibited a 
single band on native‑PAGE and SDS‑PAGE that 
was suggestive of the homogeneity of the purified 
POD. The MW of the purified POD was estimated as 
33 kDa according to the MW markers on SDS‑PAGE 
[Figure 2]. The effect of temperature on the purified 
POD was studied at different temperatures from 
10°C to 80°C. The enzyme was heat stable over a 
wide range of temperatures (0–70°C). The optimum 
temperature of the POD was found to be 40°C for 
guaiacol [Figure 3]. In addition, this enzyme can be 
stable at 60°C for 10 min [Figure 4]. The effect of pH 
on the enzyme was determined by measuring the 
activity at different pH range of 2.0–9.0 [Figure 5]. 
The enzyme showed the highest activity in pH 6.0. 
The effect of ionic strength on the POD activity was 
determined at a fixed concentration of guaiacol and 
H2O2 by different concentrations of sodium phosphate 
buffer, pH 6.0 (0.05–2 M). The maximum activity was 
observed in 0.3 M of phosphate buffer concentration 
at pH  6.0 [Figure  6]. Km and Vmax values were 
calculated for guaiacol, TMB and H2O2 substrates 
from Lineweaver‑Burk graphs. The Km values of the 
POD for guaiacol, TMB and H2O2 substrates were 
28.8, 1.06 and 8.5 mM, respectively. Indeed, Vmax 
values were 0.312, 0.194 and 1.15 mM/min for above 
mentioned substrates, respectively [Figure 7].

DISCUSSION

Peroxidase enzyme from the R.  officinalis L. 
leaves was extracted and purified by two steps 

Table 1: Steps of purification of peroxidase isolated from rosemary leaves
Purification steps Total 

volume (ml)
Total enzyme 
activity (unit*)

Total 
protein (mg)

Specific 
activity (unit/mg)

Yield (%) Purification 
fold

Crude extract 100 4081.3 84 48.5 100 1.0
(NH4)2SO4 precipitatin 25 2704.2 18.5 146.1 66.2 3.0
DEAE‑cellulose chromatography 15 1310.7 2.9 451.9 32.1 9.3
*One unit of enzyme activity was defined as the amount of enzyme catalyzing the production of 1 mmol of 3,3’‑dimethoxy‑4,4’‑biphenoquinone formed per minute at 
room temperature
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Figure 3: The effect of temperature, 10–80°C, on the peroxidase (POD) 
activity from rosemary leaves. The optimum temperature of the POD 
was found to be 40°C for guaiacol. Data are shown as a mean of the 
activity ± standard deviation of n = 3 experiments

Figure 5: The effect of pH on the activity of the purified peroxidase 
from rosemary leaves. The peroxidase activity was determined using 
a wide range of pH 3–9 in 0.3 M buffers (sodium acetate, pH 3.0–5.0; 
sodium phosphate, pH 6–7; Tris‑HCL, pH 8–9). Data are shown as a 
mean of the activity ± standard deviation of n = 3 experiments

Figure 2: Electrophoresis of the purified peroxidase  (POD)  (25 μl) 
from the rosemary leaves:  (1) The purified POD in the presence 
2‑mercaptoethanol, (2) purified POD without 2‑mercaptoethanol; (3) purified 
POD by diethyl amino ethyl‑cellulose ion exchange chromatography, 
(4) standard proteins β‑galactosidase  (116  kDa), bovine serum 
albumin (66.2 kDa), ovalbumin (45 kDa), lactate dehydrogenase (35 kDa), 
endonuclease (25 kDa), β‑lactoglobulin (18.4 kDa) and lysozyme (14.4 kDa)

Figure 4: Thermal stability of the purified peroxidase from rosemary 
leaves. The enzyme was incubated at the 40°C, 50°C and 60°C for 
fixed time intervals (10, 20, 30, 40, 50 and 60). Data are shown as a 
mean of the activity ± standard deviation of n = 3 experiments

Figure 6: The effect of ionic strength on the activity of the purified 
peroxidase from rosemary leaves. The activity of the enzyme was 
determined with different concentrations of sodium phosphate buffer, 
pH 6 (0.05–2 M) at a fixed concentration of guaiacol and H2O2. Data are 
shown as a mean of the activity ± standard deviation of n = 3 experiments

Figure  1: Diethyl amino ethyl  (DEAE)‑cellulose ion exchange 
chromatography of peroxidase from the leaves of rosemary: The 
dialyzed enzyme sample was loaded onto the DEAE‑cellulose column, 
preequilibrated with 0.02 M phosphate buffer (pH 8.0) at 4°C and eluted 
with 0.0–0.5 M Nacl linear gradients in the same buffer at a flow rate 
of 0.7 ml/min. The eluted fractions of 3 ml were collected

of ammonium sulphate fractionation and ion 
exchange chromatography. The POD was purified 
to 9.3‑fold with a yield of 32.1% and specific activity 
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of 451.9 unit/mg. Peroxidase from the leaves of 
rosemary showed a single band on native‑PAGE and 
SDS‑PAGE, demonstrating that the purified enzyme 
is composed of a single polypeptide chain. The effect 
of β‑mercaptoethanol on this POD activity indicated 
that at least one disulfide bond within the structure 
was important for its activity. The Mw of this enzyme 
was estimated as 33  kDa by SDS‑PAGE while the 
Mw of different POD have been found between 32 and 
45 kDa[21] such as Turnip (C3) with 34 and 38 kDa,[22] 
Lettus with 35 kDa,[23] Horseradish root with 40 kDa[24] 
and Chick pea with 39 kDa.[25] The optimal pH value 
of rosemary POD was found to be 6.0. A  similar 
optimum pH for the purified POD has been reported 
from Turkish black radish,[26] Copaifera langsdorffii,[27] 
Moringa oleifera[28] and Broccoli.[2] This peroxidase 
did not show activity at acidic pH <4 while at pH 8.0, 
37.6% activity was retained for the purified POD. 
Indeed, the isolated peroxidase from rosemary 
was stable at a pH range from 4.0‑8.0. At low PH 
loss of activity is due to heme disruption from the 
enzyme.[29] Because the POD can be used for the 
various industrial applications, the knowledge of 
the optimum temperature on POD activity is an 
essential step towards more efficient applications of 
this enzyme.[30] The maximum activity of this obtained 
peroxidase was observed at 40°C. A wide variability in 
the optimum temperature has been reported for POD 
from various sources. The soluble POD of several plant 
tissues exhibited optimum temperature between 30°C 
and 60°C.[4,14,22,31,32] The plant POD are glycosylated 
proteins and regarded as one of the most heat‑stable 
enzymes (23). Because POD catalyze the oxidation of 
several substrates as an electron donor in the presence 
of hydrogen peroxide,[33] we calculated Km and Vmax 
values using the Linweaver–Burk graph for guaiacol, 
TMB and H2O2 for substrate specificity determination. 
The lowest Km with TMB and the highest Vmax/
Km shows that the enzyme has a greater tendency 
toward hydrogen peroxide in the presence of TMB. 
The concentration of H2O2 is an important factor 

in measuring the POD activity and when the H2O2 
concentration is less than the concentration of the 
guaiacol, the reaction velocity is linearly correlated 
with the concentration of H2O2 and with increasing 
concentration of 40 mM of H2O2, POD activity is 
reduced. As a Conclusion, this POD showed high 
stability at a wide range of pH and temperature and 
is an inexpensive and easily available source of POD. 
Thus, our study introduces a new source of POD that 
can be used as an industrial enzyme with applications 
in the medicine, chemical and food industries.
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