
African Journal of Agricultural Research Vol. 6(23), pp. 5221-5226, 19 October, 2011 
Available online at http://www.academicjournals.org/AJAR 
DOI: 10.5897/AJAR10.1070 
ISSN 1991-637X ©2011 Academic Journals 

 
 
 

 
 
Full Length Research Paper 
 

Some biochemical properties of catalase from safflower 
(Carthamus tinctorius L. cv. M-CC-190) 

 
H. Tayefi-Nasrabadi1*, G. Dehghan2, B. Daeihassani2, A. Movafegi2 and A. Samadi3 

 
1Department of Biochemistry, Faculty of Veterinary Medicine, University of Tabriz, Tabriz, Iran. 
2Department of Plant Sciences, Faculty of Natural Sciences, University of Tabriz, Tabriz, Iran. 

3Department of Soil Sciences, Faculty of Agriculture, Urmia University, Urmia, Iran. 
 

Accepted 8 April, 2011 
 

Safflower (Carthamus tinctorius L.cv) is a member of the family Compositae that is cultivated mainly for 
its seed, which is used as edible oil and bird seed. Catalase is a common enzyme found in nearly all 
living organisms that are exposed to oxygen, where it functions to catalyse the decomposition of 
hydrogen peroxide to water and oxygen. In this study catalase was extracted from leaves of safflower 
(cv. M-CC-190) using phosphate buffer (0.1 M, pH 7.2) and its kinetic properties, thermal stability, 
isozymic pattern and sensitivity to inhibitors were investigated. On the basis of pH profile and activity 
staining for catalase on native PAGE, two isoform of catalases were detected in extract with pH optima 
at 6.5 and 8.5, and the range of catalase activity was found between 5.5 and 10.5. Apparent Km and Vmax 
of catalase at two pH optima were different, but the catalytic efficiency values were similar. Effect of 
heat treatment on catalase activity showed lower heat stability for isoenzyme active at pH 8.5. 
Isoenzyme with pH optima at 6.5 was more sensitive to both azide and cyanide in comparison to other 
isoenzyme active in M-CC-190 leaves extract. 
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INTRODUCTION 
 
Catalase (EC 1.11.1.6), is one of the most potent 
catalysts known. The reactions it catalyses are crucial to 
life. This enzyme catalyses dismutation of two molecules 
of H2O2, a powerful and potentially harmful oxidizing 
agent, to water and molecular oxygen. Catalase also 
uses hydrogen peroxide to oxidize toxins such as 
phenols, formic acid, formaldehyde and alcohols 
(Scandalios et al., 1997; Chaudiere and Ferrari-lliou, 
1999; Karra-Chaabouni et al., 2003). This antioxidant 
enzyme widely distributed in a variety of life forms, 
including microorganisms, plants and animals (Kirkman 
and Gaetani, 2007). Catalase is a tetramer of four 
polypeptide chains, each over 500 amino acids long. It 
contains   four   porphyrin   heme   groups  that  allow  the  
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enzyme to react with the hydrogen peroxide  
(Regelsberger et al., 2002). Numerous studies shown 
that catalase plays an important role in plant defense, 
senescence and aging (Mura et al., 2007; Conrath et al., 
1995). In plants, catalase scavenges H2O2 generated 
during mitochondrial electron transport, �-oxidation of the 
fatty acids and most importantly photorespiratory 
oxidation (Scandalios et al., 1997). Previous studies had 
shown catalase exist in multiple forms in several plants 
such as tobacco, saffron, cotton, mustard, maize, wheat, 
sunflower, castor bean, spinach, pepper, loblolly pine and 
kohlrabi (Havir and McHale, 1987; Mullen and Gifford, 
1993; Garcia et al., 2000; Keyhani et al., 2002; Lee and 
An, 2005; Tayefi-Nasrabadi, 2008).  

Carthamus tinctorius L., a member of the family 
Compositae, traditionally was grown for its flowers which 
have some applications in medicine, coloring and 
flavoring food (Mass 1986; Siddiqi et al. 2009). The plant 
is carefully described in botanical books, but there is no 
available   information   on   the   basic   aspects    of    its  
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physiology and biochemistry. The aim of this study was to 
investigate and characterize catalase activity in 
Carthamus tinctorius L. cv. M-CC-190. 
 
 
MATERIALS AND METHODS 
 
Chemicals 
 
Chemicals for electrophoresis and protein assay reagent were 
purchased from Sigma Chem. Co. All the other chemicals used in 
this work were obtained from Merck and were of reagent grade. 
 
 
Plants culture  
 
Safflower (C. tinctorius L. cv. M-CC-190) seeds were provided by 
Seed and Plant Improvement Institute (SPII) (Karaj, Iran). The plots 
were conducted in a growth chamber with a temperature regime of 
25°/18°C day/night, 14/10 h light/dark period. Surface-sterilized 
seeds were germinated in the dark on perlite, moistened with 
distilled water and CaSO4 at 0.05 mM. Plants were grown in 
Hoagland modified nutrient solution (Gamborg and Wetter, 1975) 
for 40 days. 
 
 
Extract preparation 
 
For the preparation of the crude extract, 1 g of safflower leaves was 
homogenized with 3 ml of 0.1 M phosphate buffer, pH 7.2 
containing 1 mM EDTA, 2% polyvinylpyrrolidone and 0.02% 
phenylmethylsulfonyl fluoride (PMSF), in a Waring Blender for 3 
min. The homogenate rapidly filtered through a layer of 
cheesecloth, and centrifuged at 20,000 g for 20 min at 4°C. A clear, 
transparent supernatant termed “crude extract” was obtained and 
used for our studies.  
 
 
Protein determination 
 
Protein concentrations were determined by the method of Bradford 
(1976) using bovine serum albumin as standard. 
 
 
Enzyme assays 
 
Catalase activity was measured by following the dismutation of 
H2O2 spectrophotometrically using an extinction coefficient for H2O2 
at 240 nm of 27 M-1.cm-1 (Obinger et al., 1997). Assays were 
carried out at room temperature (~22 to 25°C), with an UNICO UV- 
2100 PC spectrophotometer. 100 �l extract were added to 0.1 M 
citrate-phosphate-borate buffer, at given pH, containing H2O2 in 
final concentration of 0.5 to 38 mM (for Km, Vmax determinations) or 
10 mM (for all other assays), the reaction mixture total volume was 
3 ml. Reaction velocity was computed from linear slopes of 
absorbance-time curve (Wong et al., 1971). One unit of catalase 
activity was defined as the amount of enzyme necessary for 
reducing 1 µmol of H2O2 per minute.  

The pH dependence of the enzyme activity was determined using 
0.1 M citrate-phosphate-borate buffer system ranging from pH 3 to 
pH 12. 

Effect of inhibitors including sodium azide and sodium cyanide on 
catalase activity was investigated in concentration ranges of 1 to 
1000 �M. The concentration of inhibitor that causes 50% loss of 
enzyme activity was defined as IC50. 

All determinations were repeated three times and all assays were 
done with three repetition and results reported to mean of data. 

 
 
 
 
Thermal stability assay 
 
Thermal stability of safflower catalase were studied by incubating 
aliquots of extract at temperature of 60°C for 1 to 60 min in 
thermostatic water bath and measuring their activity at room 
temperature after brief cooling in ice. The incubation was carried 
out in sealed vials to prevent change of volume of the sample and, 
hence, the enzyme concentration due to evaporation. The activity 
was measured at 25°C, was taken as 100%, and activities which 
were measured at 60°C were compared with the activity measured 
at 25°C. 
 
 
Gel electrophoresis  
 
Native polyacrylamide gel electrophoresis (PAGE) was performed 
in 10% separating and 5% stacking gels according to Laemmli 
(1970) method, but omitting SDS and mercaptoethanol. 30 µl 
samples containing 30 µg protein were subjected to electrophoresis 
at room temperature at 80 V for 22 h. Catalase activity in native 
PAGE gel was determined as described by Woodbury et al. (1971). 
Gels were incubated in 0.003% H2O2 for 10 min and developed in a 
1% (w/v) FeCl3 and 1% K3Fe(CN)6 (w/v) solution for 10 min. 
 
 
RESULTS  
 
Figure 1 shows the rate of decomposition of hydrogen 
peroxide by C. tinctorius L. (cv. M-CC-190) leave extract 
at different pH, ranging from 5.5 to 10.5. Two optima 
peaks were found, at pH 6.5 and 8.5, respectively, 
indicating the presence of two distinct enzymes. 

Steady-state kinetic parameters were determined for 
catalase activity in M-CC-190 extracts at saturating 
concentration of hydrogen peroxide (Table 1). Catalase 
activities by M-CC-190 extracts at two pH optima (6.5 
and 8.5) obeyed Michaelis-Menten kinetics and resulted 
in the apparent Km of 6.7 and 8.6 mM, respectively. As for 
Km, the apparent Vmax value for catalase activity at pH 8.5 
was found 1.3 fold higher than the catalase activity at pH 
6.5. Consistent with these data, catalytic efficiency 
(Vmax/Km, expressed per mg protein in sample) values 
were found to be identical for two catalases active in M-
CC-190 extract (Table 1). 

Up to 40 mM H2O2 concentration, no substrate 
inhibitions were observed for catalase activity at 
respective pHs.  

Figure 2 shows the sensitivity of catalase isoforms to 
azide and cyanide, two typical catalase inhibitors (Mika 
and Luthje, 2003). At two pH optima, cyanide was more 
efficient than azide in reducing catalase activity of the 
extract sample (Table 1). Isoenzyme active at pH 6.5 was 
more sensitive to both azide and cyanide in comparison 
to isoenzymes active at pH 8.5. 

 Thermal stability of catalase isoenzymes in leaves 
extract of M-CC-190 was shown in Figure 3. When the 
extract was incubated at 60°C for 5, 20 and 60 min, 
catalase activity lost about 14, 28 and 43% of the original 
activity at pH optimum 6.5, while at the same conditions 
catalase activity reduced to 42, 85 and 100% of the 
original activity at pH optimum 8.5.  Therefore,  the  order  
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Figure 1. pH dependency of catalase activity in leaves extract of safflower (cv. M-CC-190). 
Catalase activity was determined in 0.1 M citrate-phosphate-borate buffer system at given pH in 
the presence of 10 mM H2O2. 

 
 
 

Table 1. Kinetic parameters and sensitivity to azide and cyanide of the catalase activity in safflower (cv. M-CC-190) leave extract at two 
pH optima. Vmax/ Km, calculated per mg extract protein.  
 

pH optima Km (mM) Vmax (U/ml) Vmax/ Km IC50 values for azide (µµµµM) IC50 values for cyanide (µµµµM) 
6.5 6.7 128 19.1 47.7 41.8 
8.5 8.6 175.7 20.4 97.6 46.6 

 
 
 
of thermostability of two catalases isoenzyme from M-
CC-190 extract at two pH optima was pH 6.5 > pH 8.5. 
Catalase isoform were detected in the leaves extracts of 
M-CC-190 by using 10% native PAGE (Figure 4). The 
catalase activity on the gels revealed two isoform of 
catalase designated CAT1 and CAT2. CAT1 was faint 
and CAT2 was prominent.  
 
 
DISCUSSION 
 
Hydrogen peroxide is a harmful by-product of many 
normal metabolic processes, to prevent damage, it must 
be quickly converted into other less dangerous 
substances. To this end, catalase is frequently used by 
cells to rapidly catalyze the decomposition of hydrogen 
peroxide into less reactive gaseous oxygen and water 
molecules. Hydrogen peroxide (H2O2) also is an impor-
tant signal molecule involved in plant development and 
environmental responses.  Changes  in  H2O2  availability 

can result from increased production or decreased 
metabolism. While plants contain several types of H2O2-
metabolizing proteins, catalases are highly active 
enzymes that do not require cellular reductants as they 
primarily catalyse a dismutase reaction. Catalases are 
the most studied enzymes in plants and it is one of the 
first enzymes to be purified and crystallized. Numerous 
biochemical and physiological functions have been 
attributed to plant catalases. These include H2O2 
detoxification, stress response, plant defense, aging, fruit 
ripening and senescence (Andrea, 1998; Mura et al., 
2007).  

In this study, kinetics studies for identification of various 
types of catalase in leaves extract of safflower (cv. M-CC-
190) were based on the following criteria as suggested by 
Schulz (1994): (1) variation in activity as a function of pH, 
(2) variation in activity as a function of substrate 
concentration (Km and Vmax), (3) effect of inhibitors on 
activity (differential effects of azide and cyanide), (4) 
effect of temperature on activity. 
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Figure 2. Inhibition by azide against M-CC-190 catalase at pHs 6.5 (A) and 8.5 (B). Inhibition by cyanide against M-CC-190 catalase at pHs 
6.5 (C) and 8.5 (D). 

 
 
 

The pH profile of catalase activity in leaves extract of 
M-CC-190 showed two maximum peaks at pH 6.5 and 
8.5 (Figure 1). It has been suggested by Fullbrook (1996) 
and De Marco (1999) that variation in pH can change the 
relative contribution of isoenzymes to total activity and 
this is manifested with the emergence of different pH 
optima in pH activity curves. When the leaves extracts 
were submitted to non-denaturating PAGE, followed by 
activity staining for catalase, the presence of two 
isoenzymes of catalase designated by CAT1 and CAT2 
were confirmed (Figure 4). The presence of multiple 
isoforms of catalase has been reported for a number of 
plant sources such as, kohlrabi, spinach, mustard, 
saffron, maize, cotton, pepper, wheat, sunflower, castor 
bean, loblolly pine and tobacco (Havir and McHale, 1987; 
Mullen and Gifford, 1993; Garcia et al., 2000; Keyhani et 
al., 2002; Lee and An, 2005; Tayefi-Nasrabadi, 2008). 
For instance, in monocots such as maize and dicots such 

as tobacco, Arabidopsis, and pumpkin, catalase have 
three isoforms that encoded by three genes (Mhamdi et 
al., 2010). 

In the present study, optimum pH for catalases activity 
in safflower (cv. M-CC-190) leaves extract was found 
between 5.5 and 10.5. Recently, Tayefi-Nasrabadi (2008) 
and Keyhani et al. (2002) showed that isoforms of 
catalase in kohlrabi bulb and dormant saffron corms have 
pH optimum between 4.5 and 10. Several researchers 
have found similar results for plant catalases and 
indicated an optimum pH between 5 and 10 (Yoruk et al., 
2005; Garcia et al., 2000; Dincer and Aydemir, 2001). All 
catalases isoenzyme in this work, showed Km values for 
hydrogen peroxide in a millimolar range (Table 1). Similar 
results were reported for catalases in Van Apple, dorman 
saffron corms and kohlrabi, with Km values of 2 mM, 5 to 8 
mM and 0.64 to 13.4 mM, respectively (Keyhani et al., 
2002; Yoruk et al., 2005; Tayefi-Nasrabadi, 2008).  
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Figure 3. Thermal stability of M-CC-190 catalase at pHs 6.5 (•) and 8.5 (ο). Extract was incubated for 
various time intervals (1 to 60 min) at 60°C and then tested at room temperature, at given pH, after brief 
cooling in ice. The activity was measured at 25°C, was taken as 100%. 

 
 
 

 
 
Figure 4. Native PAGE 
of extract stained for 
catalase activity, CAT1 
and CAT2 presented 
different catalase 
isoform. 

Catalases are distinguished from many other peroxide-
metabolizing enzymes by their high specificity for H2O2, 
but weak activity against organic peroxides. Catalases 
have a very fast turnover rate, but a much lower affinity 
for H2O2 than other plant antioxidant enzymes such as 
ascorbate peroxidase, which have Km values below 100 
µM (Mittler and Zilinskas, 1991; Konig et al., 2002). This 
indicates that catalase functions in vivo well below its 
maximal capacity, but that its activity accelerates even if 
H2O2 concentrations increase to relatively high values. 

When kinetics parameters were measured at two pH 
optima in leave extract of M-CC-190, apparent Km and 
Vmax of catalases was different (Table 1). In addition, the 
effect of two typical catalase inhibitors namely azide 
(NaN3) and cyanide (NaCN) on catalase activity in two pH 
optima (pH 6.5 and 8.5) show that isoenzymes have 
different sensitivity to azide and cyanide. The order of 
sensitivity to both azide and cyanide was pH 6.5 > pH 
8.5. Therewith, after heating the extract at 60°C for 60 
min, catalase activity lost about 43 and 100% of the 
original activity at pH 6.5 and 8.5, respectively. It has 
been reported that isoenzymes are usually different in 
their sensitivities to temperatures (Bardales et al., 2004). 
The results demonstrated that catalase isoenzymes in 
the leaves extract of safflower (cv. M-CC-190) have 
distinctive kinetics properties. The presence of multiple 
isoforms in M-CC-190 extract with distinctive kinetic 
properties and different sensitivity to temperature and 
inhibitors (azide and cyanide) suggest that each of 
isoform plays a different role. Further experiments should 
clarify the overall roles of each of isoforms in environmental 
stresses. 
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