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Abstract 

 In this study, a peroxidase from new source was purified using ion exchange and gel filtration 

techniques. The recovery for peroxidase activity was 19% with 11-fold purification and specific activity of 749 

unit/mg protein. Purified peroxidase demonstrated a molecular mass of 39 kDa using gel filtration and was 

confirmed as a single band on SDS-PAGE. The purified peroxidase revealed a broad optimum pH                              

activity at 6.0-6.5 and 50°C temperature. The kinetic parameters for purified peroxidase toward H2O2 and 

guaiacol as substrates were found to be Km = 3.355, 5.395 mM, Kcat = 99.52, 79.56 s-1 and Vmax =1.531, 

1.242 µmole ml-1 min-1, respectively. The catalytic efficiency (kcat/Km) of the purified peroxidase was 14.75 

and 29.66 s−1 mM−1 for guaiacol and H2O2, respectively. Peroxidase activity was observed to be enhanced by 

Cu2+, Co2+, Ni2+ and inhibited in the presence of Sn2+, Al3+, Hg2+, NaN3, EDTA and urea. Characterization 

showed that peroxidase purified from C. forskohlii has the ability to be used for food industrial applications. 
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Introduction  

 Medicinal plants have been used for a long time 

since the advent of human civilisatin [1]. It is an old 

practice to use these plants for their medicinal benefits. 

Their roots in the world's oldest cultures remain                 

well-preserved for many decades [2]. C. forskohlii is a 

persistent medicinal plant of the Lamiaceae family and 

has been distributed throughout the world, including 

Saudi Arabia, China, India, Africa and Pakistan [3,4]. An 

extract of this plant was used in Ayurvedic medicine for 

centuries to treat different health problems [5]. 

Forskolin, the main diterpene component of this plant,   

is used as an antioxidant compound for various 

disorders [6]. The antioxidants, including enzymatic 

antioxidants, can help the body defend itself from 

various kinds of reactive oxygen damage caused by a 

variety of conditions. [4]. Peroxidase (E.C.1.11.1.7) is 

belong to the oxidoreductases family, normally found in 

plants [7,8], and responsible for the browning               

process [9]. Peroxidase can facilitate plant darkening, 

although the existence of electron-acceptor compounds 

such as lipid peroxides, hydrogen peroxide, and 

superoxide radicals are limits it [10,11]. The catalytic 

reaction of peroxidases takes place in three different 

steps. The initial phase includes oxidation of peroxidase 

to create an unstable intermediate compound called 

(Cpd I) (1). In the second phase, Cpd I is reduced to 

Cpd II and to a free radical by an appropriate electron 

donor (2). Then the second substrate further reduces 

Cpd II to recover the resting state of the enzyme and 

another radical one (3) [12]. 

 Specific physiological roles of peroxidases in 

plants include suberisation, lignification, wound              

healing, catabolism of auxins, porphyrin metabolism, 

hydrogen peroxide scavenging, organogenesis and 

senescence [13]. In the presence of hydrogen peroxide, 

they catalyze the oxidation of different phenolic and 

nonphenolic compounds [14]. Because of their diverse 

substrate specificity, availability, and high sensitivity, 

Plant peroxidase has been commonly used in several 

applications, including environmental protection, such as 

phenolic wastewater bioremediation, bio pulping, and 

clinical diagnosis, etc [14].   In this study, the enzymatic 

properties of peroxidase have been studied from a new 

source. peroxidase from C. forskohlii was purified using 

ion exchange and gel filtration chromatography. The 

purity of the enzyme was checked using SDS-PAGE. 

Also, the physio biochemical properties of the purified 

enzyme were achieved. 

Material and Methods 

Chemicals and Plant Materials 

 Guaiacol, Sephacryl S-200, CM-Sepharose were 

acquired from Sigma-Aldrich. All other chemicals used 

were of analytical grade. Coleus forskohlii is readily 

available because of its ubiquitous growth in the wild. 

The sample was obtained from Khulais, Saudi Arabia, in 

Sep. 2019, situated at 39°21'50"E110"22'58°21. 

C. forskohlii Peroxidase Purification 

Preparation of the Plant Extract 

 Fifteen grams of Coleus forskohlii peel stem had 

been ground in a 0.02 M Tris–HCl buffer, pH 7.2. 

Filtered and centrifuged this crude extract for 15 min at 

12,000 rpm and discarded the pellet. 

Ion Exchange and Gel Filtration Chromatography 

 Briefly, CM-Sepharose filled the column, 

equilibrated with 0.02 M Tris–HCl buffer, pH 7.2. The 

homogenous enzyme was then loaded onto the column 

and eluted at a flow rate of 30 mL/h in the same buffer 

with a gradient of 0.0–0.3 M NaCl. Four peaks were 

pooled with protein fractions exhibiting peroxidase 

activity. The fraction with the highest activity were 

applied on a Sephacryl S-200 column equilibrated with 

20 mM Tris–HCl buffer (pH 7.2). peroxidase was again 
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eluted at a flow rate of 30 mL/h and quantities of 3 ml 

have been collected.  

Protein Estimation 

 Bradford method [15] used to quantify the 

protein using bovine serum albumin as standard. 

Determination of Molecular Weight 

 According to Laemmli method [16], the pooled 

enzyme from gel filtration chromatography was added 

to SDS-PAGE to check the purity of the enzyme and 

assess its molecular weight.  

Enzyme Assay 

 The peroxidase activity was determined using 

H2O2 and guaiacol as substrates [17]. The reaction 

mixture contained 20 μL enzyme sample, 40 mM 

guaiacol, 8 mM H2O2, and 50 mM phosphate buffer             

(pH 7.0). 

Physicochemical Characterization of the Enzyme 

Effect of pH 

 In the range of pH 4.0–9.0, the peroxidase 

activity was measured using 50 mM of acetate buffer 

(pH 4.0–6.0) and Tris/HCl buffer, (pH 6.5–9.0). The 

stability at the different pH levels (pH 5.0-8.5) was 

established by calculating the residual activity in buffers 

with the same pH after incubating the enzyme for 24 h 

at 4 °C. 

Effect of Temperature and Thermal Stability  

 The temperature effect on purified peroxidase 

activity was performed at temperatures between 30 and 

80 °C. To obtain thermal stability, the enzyme was pre-

incubated at the working temperature for 30 min before 

the addition of substrates and starting the reaction. 

Kinetic Parameters 

 Km, Kcat and Vmax values of peroxidase were 

determined for hydrogen peroxide and guaiacol 

substrates. The kinetic parameter values were 

calculated from Line Weaver-Burk graphs. 

Effect of Metal Ions and Inhibitors 

  The effect of different metals and inhibitors on 

enzyme activity has also been investigated. Salt 

additives of CuSO4, CoSO4, NiCl2, AlCl3, SnCl2 and Hg

(NO3)2 (2.0–10 mM) have been used in this study. 

Peroxidase was additionally incubated with several 

compounds, such as sodium azide (NaN3), EDTA                 

(2.0-10 mM) and Urea (0.2-1 M). The enzyme was                      

pre-incubated with metals and/or inhibitors and buffer 

for 30 min before adding the substrates. Relative 

activity, against the control, was estimated. Control of 

peroxidase activity (without addition of metals and/or 

inhibitors) was considered to be 100% activity. 

Results and Discussion  

Purification of C. forskohlii Peroxidase 

 Prior to use in any industrial process,    

biochemical characterization of an enzyme is                   

necessary [18]. In this study, C. forskohlii peroxidase 

purification was optimized and its biochemical properties 

were determined. As can be seen in Fig.1, four major 

protein peaks (A280) and four C. forskohlii peroxidase 

peaks have been obtained using CM-sepharose column 

chromatography. The fraction (POD3) with highest 

peroxidase activity were collected and concentrated.  

The purity of C. forskohlii peroxidase (POD3) was                  

3.5-fold with a cumulative recovery of 24 % (Table 1). 

Finally, to obtain a homogeneous peroxidase, the 

enzyme was applied to Sephacryl S-200 column 

(Fig.2A). The C. forskohlii peroxidase (POD3A) was 

purified at a yield of 19% and 11-fold purification with 

specific activity of 742 unit/mg protein. The purified 

peroxidase provided a single protein band of 12%                

SDS-PAGE (Fig.2B), confirming its uniformity. Using a 

Sephacryl S-200 column, the molecular weight of 

purified peroxidase was estimated to be 39 kDa. 

Moreover, SDS-PAGE research was carried out to 

determine and check molecular weight and purified 

peroxidase uniformity. These findings are in agreement 

with all those peroxides produced from other plant 

sources, for example, broccoli (48 kDa) [19], Commi-

phora gileadensis (40) [8], pearl millet grains (31 kDa) 

[20]. The results obtained from the effect of pH on the 

C. forskohlii peroxidase showed that the enzyme has a 

broad optimum pH from 6.0 to 6.5 (Fig.3a). Peroxidases 

from most plants are particularly active in pHs 4.5–7, 

but some peroxidases display a lower pH maximum 

activity (pH 3.8) [ 21]. To assess the effect of pH 

stability on C. forskohlii peroxidase, the purified enzyme 

was incubated at various pH ranging from 5.0 to 8.5 for 

24 h at 4 °C (Fig. 3b). As seen in this figure, C. 

forskohlii peroxidase activity at pH ranging from 5.5 to 
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Figure 1. A typical elution profile for the chromatography of peroxidase using a                    

CM-Sepharose column. 

Figure 2. Gel filtration of POD3 CM-Sepharose fractions using a Sephacryl S-200 column (A), SDS-PAGE for              

homogeneity and molecular weight determination of peroxidase (B). 
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A 

B 

Figure 3. Optimum pH (A), pH stability (B) 
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7.5 was relatively higher, which is compatible with the 

optimal pH study. The findings are in line with an earlier 

report where it was found that Triticum aestivum 

peroxidase was stable for two days at different pH               

(5.0-7.0) [22]. 

 The temperature profile revealed the maximum 

C. forskohlii peroxidase activity at 50 °C temperature 

and steadily dropped above 50°C (Fig. 4a). The purified 

enzyme retained 63% and 40% of its initial activity at 60 

and 70 °C, respectively. Similar findings have been 

reported for Arabian balsam peroxidase [8], Spinacia 

oleracea peroxidase [23]. The thermostability of the 

purified enzyme at various temperatures was shown               

in Fig. 4b. The enzyme was robust to 50 °C. At 

temperatures above 50 °C, the stability of the enzyme 

gradually decreased. A broad diversity in thermal 

stability for peroxidase activity has been noted from 

diverse sources, including date palm leaves (75 °C), [24] 

horseradish cv. Balady (40°C), [25], chewing stick 

miswak (40 °C) [26], and Arabian balsam (55 °C) [8].  

 The kinetic constants for guaiacol and Hydrogen 

peroxide oxidation by C. Forskohlii peroxidase has been 

calculated and the apparent Km, Kcat and Vmax values 

are shown in Table 2 (Fig.5 a,b). The C. forskohlii 

peroxidase provided Km values of 3,355 and 5,395 mM 

for substrates H2O2 (Fig. 5a) and Guaiacol (Fig. 5b). 

The Km values appear to be less than those reported for 

Triticum aestivum peroxidase (7.3 and 6.6 mM for H2O2 

and guaiacol) [27], peroxidase from Arabian balsam 

(4.81 and 46.5 mM for H2O2 and guaiacol) [8]. The low 

Km values show a high evident affinity to H2O2 and 

guaiacol in the enzyme relative to previously reported 

peroxidases. The Vmax values of C. forskohlii peroxidase 

was 1.531 and 1.242 µmole/ml for H2O2 and guaiacol, 

respectively. On the other hand, the purified enzyme has 

Kcat values of 99.52 and 79.56 s-1 for H2O2 and 

guaiacol, respectively. The catalytic efficiency (kcat/Km) 

of the purified enzyme using guaiacol and H2O2 was 

found to be 14.75 and 29.66 s−1 mM−1, respectively 

(Table 2). 

 The effects of metal ions (Cu2+, Co2+ and 

Ni2+), at a final concentration ranging from 2 to 10 mM, 

on C. forskohlii peroxidase activity are summarized in 

Table 3. Such metals have an activation effect on the C. 

Forskohlia peroxidase activity. Cu2+ and Ni2+ were 

reported to stimulate peroxidase activity in radish 

seedlings and Horseradish, respectively [28, 29].  

 The inhibitory effects of sodium azide, three 

metal ions and organic compounds of EDTA (2-10 mM), 

and urea (0.2-1 M) on C. forskohlii peroxidase activity 

are outlined in Table 4. When Sn2+ affectively inhibited 

purified peroxidase activity, metal ions Al3+ and Hg2+ 

Recovery 
100% 

Fold 
purification 

S.A 
Unit/mg 
protein 

T. Protein 
mg 

T. units steps 

 100  1 66 11 725 Crude extract 

  

 

0.8 

 

  

1.5 

 

 

 102 

  

  

0.06 

  

  

6.12 

Chromatography CM-

sepharose 

0.0 M NaCl (POD1) 

 1.2 0.9  61.2 0.15 9.18 0.1M NaCl (POD 2) 

    24 3.5 232 0.75 174 0.2M NaCl (POD 3) 

2.8 3 200 0.10 20 0.3M NaCl (POD 4) 

Gel filtration on sephacryl S-200 

19 11 742   0.19 141 POD 3A 

Table 1. Purification scheme of C. forskohlii peroxidase 
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A 

B 

Figure 4. effect of temperature (A), Temperature Stability (B) 
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    Ki (mM) IC50 (mM) 

  Concentration Guaiacol H2O2   

AlCl3 

  

  

2-10 mM 

0.41 1.01 3.83 

SnCl2 0.072 0.179 1.38 

Hg(NO3)2 0.79 0.196 5.49 

NaN3 1.543 3.798 10.49 

EDTA 1.187 2.952 9.15 

Urea 0.2-1 M 0.094 0.233 0.808 

Table 4. Inhibition properties of some inhibitors on C. forskohlii peroxidase activity. 

Kinetic parameter C. forskohlii peroxidase 

  H2O2 Guaiacol 

Km (mM) 3.355 5.395 

Vmax (µmole ml-1 min-1) 1.531 1.242 

kcat (s−1) 99.52 79.56 

kcat/Km (s−1 mM−1) 29.66 14.75 

Table 2. Kinetic parameters of peroxidase from Coleus forskohlii 

  Relative activity % 

Metal Salts 2 mM 4 mM 6 mM 8 mM 10 mM 

CuSO4 102.8 106.5 114.5 123.9 118.9 

CoSO4 104.9 109.8 111.9 111.8 112.1 

NiCl2 102.5 103.7 109.2 124.6 129.2 

Table 3. Effect of metal salts on C. forskohlii peroxidase 
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Figure 5. Lineweaver-Burk plots relating purified peroxidase reaction velocity to H2O2 

(A) and guaiacol (B) concentrations. 
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showed moderate inhibition effects against peroxidase. 

Each of these metal ions had half maximum inhibition 

(IC50) concentrations of 1.38, 3.83, and 5.49 mM, 

respectively. Furthermore, the inhibitor constant (Ki 

Guaiacol) of the specified metal was determined in 

accordance with the graph of Lineweaver–Burk, by 

0.072, 0.41 and 0.79 mM and (Ki H2O2) by 0.179, 1.01 

or 0.196 mM, respectively. Sodium azide and EDTA have 

moderate inhibitory effect on the purified peroxidase. 

The half maximum inhibition concentrations (IC50) were 

calculated as 10.49 and 9.15 mM, respectively. while 

the inhibitor constant (Ki) were found to be 1.543, 

1.187 mM for guaiacol and 3.798, 2.952 mM for H2O2, 

respectively. Inhibition of peroxidase by Sn2+, Al3+, 

Hg2+ ions, NaN3, and EDTA were also reported in 

several studies [27, 30-32]. The direct interaction 

between a peptide backbone and urea molecule caused 

protein unfolding. Basically, high urea concentrations 

caused protein unfolding followed by decreased enzyme 

activity [33]. As shown in Table 4, exposure of purified 

peroxidase with urea at 0.2-1 M was determined. The 

half inhibition concentration (IC50) was 0.808 mM, 

while the inhibitor constant (Ki) were 0.094 mM for 

Guaiacol and 0.233 mM for H2O2.  

Conclusion  

 In this study, peroxidase was purified from a 

new source, C. forskohlii, using ion exchange      

chromatography (CM-Sepharose), and gel filtration 

chromatography (Sephacryl S-200). Appropriate 

conditions for the peroxidase activity have been 

analyzed and calculated. Peroxidase has been shown to 

be relatively active under acidic conditions. Km, Kcat, Ki, 

Vmax and IC50 have been estimated for both 

substrates. The influences of different metal ions on 

peroxidase have also been determined. The enzyme 

performed optimal activity and stability in a temperature 

at 50 °C. The C. forskohlii peroxidase can potentially be 

used for bread leavening and bakery, in addition,            

high-temperature enzyme stability would be useful in 

these applications. 
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