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Spirulina platensis has recently received considerable attention because of its 

potential application in the prevention and/or management of cancer and many 

other diseases. However, little is known about the effects of S. platensis on the 

antioxidant defense system. This study aimed to investigate the effects of this 

microalga on the function and structure of the antioxidant enzyme catalase. The 

catalase activity was measured under steady-state kinetic conditions. 

Spectrophotometric methods were executed to understand S. platensis -induced 

alterations in catalase. Results showed that low concentrations of S. platensis 

extracts stimulated catalase activity, whereas higher concentrations inhibited its 

activity in a non-competitive manner. Catalase activity was inhibited by 27% and 

80% using the aqueous and methanol extract, respectively. The Stern-Volmer plots 

indicated that S. platensis methanolic extract quenched catalase fluorescence 

emission with both static and dynamic mechanisms. The values of thermodynamic 

parameters indicated that the binding reaction is a spontaneous and exothermic 

process, and hydrogen bonds and van der Waals forces play a major role in binding 

the compounds in S. platensis extract to catalase. The number of obtained binding 

sites was ~2. Circular dichroism spectroscopy data showed that high concentrations 

of S. platensis extract led to a significant decrease in α-helix and ß-sheet content, 

accompanied by an increase in the enzyme’s random coil content. It can be 

concluded that the application of S. platensis extract has a dual effect on the 

structure and function of catalase, stimulatory or inhibitory, depending on its 

concentration. Therefore, it may have potential benefits as an antioxidant or tumor 

suppressor. 
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1. Introduction

Microalgae are an excellent natural source of

interesting secondary metabolites with different 

biological activities, such as antimicrobial, 

antioxidant, anti-inflammatory, and anticancer 

activity. Recently, the demand for natural 

antioxidants as an alternative to synthetic 

antioxidants has increased. Microalgae are rich in 
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antioxidants and are considered a potential source 

of natural antioxidants by the food, cosmetic, and 

nutraceutical industries (Roy et al., 2021; Bravo-

Tello et al., 2017; Gogineni & Hamann, 2018). 

The antioxidant properties of blue-green 

microalgae are mainly attributed to their natural 

pigments, including β-carotenes, phycoerythrins, 

xanthophylls, and phycocyanins, as well as their 

phenolic compounds (Park et al., 2018; Wu et al., 

2011). Among the various microalgae, S. platensis 

has received much attention due to its therapeutic 

properties as well as the FDA approval of its safety 

and non-toxicity (Sharoba et al., 2014). 

S. platensis is a microscopic and filamentous 

blue-green microalga that has been advocated for 

use in the prevention of cancer, 

hypercholesterolemia, hyperglycerolemia, 

diabetes, hypertension, and certain inflammatory 

diseases (Jerez-Martel et al., 2017; Joventino et al., 

2012). In addition, S. platensis is a good nutrient 

for human and animal nutrition due to its being 

rich in protein, beta-carotene, and essential fatty 

acids such as γ-linolenic acid, other omega-3 and 

omega-6 fatty acids, and various minerals (Farag 

et al., 2016). Therefore, S. platensis is rapidly 

being added to the food basket of people 

worldwide (Sharoba et al., 2014). However, 

despite the reported antioxidant properties of some 

compounds of S. platensis (Park et al., 2018; Wu 

et al., 2011), as far as we know, no studies have 

examined its effect on antioxidant enzymes.  

Numerous studies have shown that increased 

expression and activity of antioxidant enzymes, 

such as superoxide dismutase, catalase, and 

glutathione peroxidase, inhibit the cell division of 

cancer cells (Zalewska-Ziob et al., 2019). In 

addition to cancer, antioxidant enzymes play an 

important and effective role in the prevention of 

various inflammatory diseases, such as lupus, 

arthritis, as well as cardiovascular disease, gastric 

ulcer, hypertension, diabetes, age-related eye 

diseases, and nervous system diseases such as 

Alzheimer's and Parkinson's diseases (Ahmad et 

al., 2017; Forrester et al., 2018).        

Catalase, in particular, is considered one of the 

most important antioxidant enzymes. It is found in 

nearly all living organisms. In mammalian cells, 

the highest catalase activity is found in the liver 

and kidney mitochondria as well as in the 

cytoplasm of red blood cells.   Having one of the 

highest turnover numbers known, catalase protects 

cells from ROS-induced oxidative damage. One 

catalase molecule can decompose millions of 

hydrogen peroxide (H2O2) molecules into 

harmless products, oxygen, and water (Panahi et 

al., 2019). H2O2 is considered one of the non-

radical reactive oxygen species that is 

continuously produced in aerobic organisms. This 

molecule is readily dissolved in lipids and, 

therefore, diffuses rapidly between cell 

membranes. The accumulation of H2O2 in cells 

leads to the oxidation of important cellular 

macromolecules, such as proteins, lipids, and 

DNA that ultimately lead to mutagenesis and cell 

death (Vieceli et al., 2014; Halliwell & Gutteridge, 

2015). In addition to neutralizing the deleterious 

effects of H2O2, catalase is involved in regulating 

the aging process in eukaryotes so that mutation of 

this enzyme can decrease life span, but conversely, 

increase the lifespan and delayed heart disease and 

cataract among rats as its expression increases 

(Selvaratnam and Robaire, 2016; Schriner et al., 

2005). In addition, there are some reports of the 

role of reduced catalase activity in the 

development of diseases such as vitiligo (Mansuri 

et al., 2017), diabetes (Lenzen, 2017), and 

Alzheimer's (Youssef et al., 2018).   

Due to the importance of catalase in maintaining 

human health as well as the various therapeutic 

properties of S. platensis, the present study aims to 

investigate the effect of different S. platensis 

extracts on the catalytic activity. Additionally, we 

studied the effects of the extracts on the secondary 

and tertiary structure of catalase to determine 

whether the antioxidant effects of S. platensis can 

be exerted through its impact on catalase, an 

enzyme in the body's antioxidant system.  



2. Materials and methods

2.1. Reagents 

Crystalline bovine liver catalase was purchased 

from Sigma-Aldrich. The stock solution was 

prepared by the dissolution of 2 mg of pure 

catalase in one ml phosphate buffer. H2O2 30% 

was also obtained from Sigma-Aldrich. All the 

materials needed to prepare Zarrouk's medium 

were obtained from Merck. 

2.2. Source organism and cultivation 

conditions  

The S. platensis strain (PCC 7345) used in this 

work was donated from the Algae Culture 

Collection of the Food Biotechnology Research 

Institute, ABRII, Tabriz, Iran.  S. platensis was 

grown in Zarrouk's medium under controlled 

conditions (pH 9, 30 ± 2 °C, 12 /12 hour light-dark 

cycles provided by fluorescent lamps at a light 

intensity of 4000 lux). At the end of the 16th day, 

the biomass was harvested and then dried at 40 °C 

(Fedekar Fade Madkour et al., 2012). 

2.3. Preparation of S. platensis extracts 

First, 0.5 g of dry biomass was soaked in 50 ml 

double distilled water and left at room temperature 

for 24 hours to prepare an aqueous extract of S. 

platensis. The resulting mixture was then 

centrifuged at 3,000 g for 15 min. The supernatant 

was filtered (Whatman No. 1) and then transferred 

to a glass plate and dried in the incubator (45 °C). 

The methanol extract of S. platensis was prepared 

by the same method, except 80% methanol was 

used as a solvent instead of water. The dried 

extracts were stored at 4 °C until used in the 

experiments. 

2.4. Assessing catalase activity in the presence 

of S. platensis extract  

Catalase activity was measured using a 

spectrophotometer (Varian, CARY 100 Bio, 

USA). The reaction mixture contained 980 µl of 

phosphate buffer (50 mM, pH 7.0), 30 mM 

hydrogen peroxide as substrate, and a constant 

catalase concentration (10 µl, 2.3 nM). The change 

in absorbance was recorded every 20 seconds for 

3 minutes at 240 nm, and the initial 

enzyme velocity was determined from the slope of 

the curve of the change in H2O2 absorbance at 240 

nm plotted against time (Aebi, 1984). In addition, 

the changes in catalase activity (2.3 nM) were 

measured in the presence of different 

concentrations of each extract (0.01-800 µg / ml) 

and a fixed concentration of H2O2 prepared in the 

same method described above in order to evaluate 

the impact of aqueous and methanol extracts of S. 

platensis on catalase activity. The results 

illustrated in the graphs are the mean of at least 

three repetitions for each experiment.  

2.5. Determination of inhibition mechanism 

    In order to determine the inhibition mechanism 

of catalase activated by the aqueous and methanol 

extracts of S. platensis, enzyme (2.3 nM) activity 

was measured in the presence of different 

concentrations of S. platensis extracts (600 and 

800 μg / mL) and substrate after a pre-incubation 

period between the catalase and the extracts. Three 

pre-incubation times were tested (0, 10, and 30 

min); for simplicity, only 10 min results have been 

shown as they covered more than 50% of the 

inhibition rates. 

2.6. Estimation of kinetic parameters 

    The Michaelis-Menten constant (Km) and 

maximum velocity (Vmax) values were determined 

by drawing Lineweaver-Burk plots using initial 

velocities measured over a substrate concentration 

ranging from 5.88 to 22.25 mM. The apparent Ki 

value (the equilibrium dissociation constant for the 

enzyme-inhibitor complex) was obtained by 

plotting the slope of each line in the Lineweaver–

Burk plots against different concentrations of S. 

platensis extracts. The apparent Ki value was 
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confirmed by a Dixon plot, plotting 1/v against 

various concentrations of S. platensis extracts. 

Measurements were performed in triplicate. 

2.7. Structural studies of catalase 

2.7.1. Electron absorption spectrum 

The electron absorption spectra of catalase were 

recorded in the presence of different 

concentrations of methanol S. platensis extracts 

(0-800 µg/mL) with a Hitachi U-3900 

spectrophotometer in the range of 250 - 700 nm at 

25 °C. The initial reaction mixture contained 50 

mM phosphate buffer (pH 7) and 0.7 μM catalase 

in both the sample and reference cuvettes. The 

absorption spectrum of the enzyme was recorded 

after adding 20 µl of the extract and 20 µl of 

distilled water to the sample and 

reference cuvettes, respectively. The 

concentration of catalase was determined 

spectophotometrially at 405 nm using a molar 

extinction coefficient of 3.24 × l05 M-1 cm-1.  

2.7.2. Fluorescence spectroscopy 

Fluorescence spectra were recorded using a Cary 

Eclipse fluorescence spectrophotometer in the 

presence of different concentrations of S. platensis 

extract (0–800 µg/ml) to evaluate changes in the 

tertiary structure of the catalase. The excitation 

wavelength was set at 280 nm, and emission 

spectra were recorded from 300 to 450 nm at two 

temperatures of 25 and 37 °C. All the 

measurements were performed in a cuvette with a 

1.0 cm path length. 

2.7.2. Circular dichroism (CD) measurements 

The CD spectra of catalase (0.8 µM) were 

studied in the far –UV region (190 - 250 nm) with 

an Avive 215 CD spectrometer at 25 °C to 

investigate the changes in the secondary structure 

of catalase in the presence of different 

concentrations of S. platensis extract (0.01, 0.05, 

200, and 800 µg / ml). A 1 mm cuvette with a path 

length of 0.1 cm and a concentration of 0.8 μM 

catalase was used. In addition, CDNN software 

was used to deconvolute the CD spectra to 

quantify changes in the secondary catalase 

structure. 

2.8. Statistical analysis 

Statistical analysis was performed using Minitab 

version 19 software. Data were presented as mean 

± SD. Differences between means were 

statistically analyzed using one-way ANOVA 

followed by Tukey's multiple comparison tests. P 

values less than 0.05 were considered significant.  

3. Results and Discussion

3.1. Catalase activity in the presence of 

different concentrations of S. platensis extract  

Catalase activity was measured in the presence 

of very low concentrations (10 ng/ml equivalent to 

0.01 µg / ml) to high concentrations of aqueous 

and methanol extracts of S. platensis (800 µg/ml) 

for three different enzyme incubation times with 

extracts (0, 10, and 30 minutes). As shown in 

Figure 1a and b, very low concentrations of both 

extracts (0.01 and 0.05 μg/ ml) increased catalase 

activity from 1 to 13.8%, with the highest increase 

of 13.8% obtained in the presence of 0.01 µg/ml 

methanol extract (p < 0.05). The rate of increase in 

enzyme activity decreased as the 

pretreatment time of the enzyme increased from 

zero to 30 minutes, with the smallest increase in 

enzyme activity of 1% obtained after 30-min 

pretreatment of the enzyme with 0.05 µg/ml of the 

aqueous extract (p < 0.05). The effect of methanol 

extract on increasing the enzyme activity was 

about 5-7% higher than that of the aqueous extract, 

which was observed up to 5 µg / ml. However, the 

aqueous extract indicated a stimulating effect, up 

to 0.5 µg / ml. The concentration of 0.5 μg / ml of 

both aqueous and methanol extracts of S. platensis 
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slightly increased (2% to 4%; p < 0.05) catalase 

activity only immediately after their addition to the 

enzyme. However, this concentration of extracts 

failed to change catalase activity after 10 or 30 

minutes of exposure to the enzyme. The 

stimulatory effect of the enzyme at low 

concentrations of S. platensis extracts and short 

times of enzyme pretreatment with the extract (up 

to ten minutes) may be related to the stability of 

the enzyme in its optimal configuration. 

Approximately one-third of all proteins are 

completely or partially intact, and it was found that 

the tendency of some elements to bind to a fully 

folded state is far greater than that of their 

tendency to bind to an unfolded or partially folded 

state of that protein (van Anken and Braakman, 

2012). Therefore, it is possible that the S. platensis 

extract bounded to the fully folded enzyme at low 

and stimulating concentrations. However, binding 

in other states of the enzyme may also be possible 

at higher concentrations or as the incubation time 

increases. Thus, filling several binding sites on an 

enzyme can alter enzyme conformation and inhibit 

its activity. This is in agreement with our results, 

indicating there is more than one binding site for 

S. platensis extract compounds on catalase. 

On the other hand, both aqueous and methanol 

extracts of S. platensis had an inhibitory effect on 

catalase activity at higher concentrations (10 to 

800 µg / ml), which gradually increased as the 

concentration of extracts and incubation time 

increased. The inhibitory effect of the methanol 

extract was more than that of the aqueous extract, 

with only 50% of the enzyme activity remaining in 

the presence of 600 µg / ml methanol extract. The 

enzyme lost 80% of its activity at a concentration 

of 800 µg / ml of this extract. Whereas the highest 

concentration and time tested (800 µg / ml and 30 

min) for the aqueous extract of S. platensis 

inhibited only 27% enzyme activity (Figures 1a 

and b). 

Figure 1. The residual activity of catalase in the presence of 

different concentrations of a) methanol and b) aqueous 

extracts of S. platensis (0–800 µg/ml). Data were expressed 

as mean ± SD from three different experiments. The asterisk 

(*) indicates a significant difference from the control group 

(*, P < 0.05). 

3.2. Determining the inhibition pattern and 

kinetics parameters 

The inhibition kinetics of catalase at different 

concentrations of the aqueous and methanol 

extracts of S. platensis was analyzed using 

Lineweaver-Burk plots (Figures 2 and 3). 

Both extracts lowered the Vmax but not the Km, 

indicating S. platensis extracts were non-

competitive inhibitors of catalase. In the absence 

of an inhibitor, the Km and Vmax values were 27 

mM and 0.93 mM/s, respectively. When the 

concentrations of aqueous and methanol extracts 

of S. platensis increased, the Vmax values decreased 

by 33% and 79%, respectively, while the km values 

remained unchanged. Dixon plot experiments 

were performed in the presence and absence of the 

F. Teimourpour et al / Advanced Research in Microbial Metabolites and Technology 2 (2020) 105-119 



110 

F. Teimourpour et al / Advanced Research in Microbial Metabolites and Technology 2 (2020) 105-119 

extracts with several substrate concentrations 

(H2O2) to determine the inhibition constant (Ki). 

Figure 2. Lineweaver–Burk plot of catalase activity in the 

absence (♦) and presence of aqueous extract of S. platensis 

at different concentrations:  600 µg / ml (■) and 800 µg / ml 

(▲). 

Figure 3. Lineweaver–Burk plot of catalase activity in the 

absence (♦) and presence of methanol extract of S. platensis 

at different concentrations:  600 µg / ml (■) and 800 µg / ml 

(▲). 

Figures 4 and 5 show the results of the Dixon plot 

analyses for the aqueous and methanol extracts of 

S. platensis, respectively. 

Figure 4. Dixon plot for the determination of the 

dissociation constant (Ki) value of the aqueous extract of S. 

platensis at three different concentrations of H2O2. 

 Values of Ki for aqueous and methanol S. 

platensis extracts obtained were 1.8 mM and 0.29 

mM, respectively (Table 1). 

Figure 5. Dixon plot for the determination of the 

dissociation constant (Ki) value of the methanolic extract of 

S. platensis at three different concentrations of H2O2. 
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Table 1. Kinetic parameters of aqueous and methanol S. platensis extracts on catalase activity. 

The non-competitive inhibitor can be bound 

either to a free enzyme or an enzyme-substrate 

complex, forming an inactive enzyme-substrate-

inhibitor complex. Therefore, the aqueous and 

methanol extracts of S. platensis bind to a different 

position than the substrate; they can reduce or 

eliminate the catalytic activity of the enzyme by 

altering its conformation and accordingly 

influencing its catalytic site. The observed changes 

in the electron absorption spectrum, as well as the 

intrinsic fluorescence emission spectrum of 

catalase in the presence of the different 

concentrations of the extracts, confirmed this 

issue. 

In the following part of the experiments, only the 

methanol extract of S. platensis was evaluated 

because this extract had a considerably stronger 

inhibitory and stimulatory effect on the catalase 

enzyme activity compared to the aqueous extract 

of S. platensis at different concentrations and times 

of incubation. The effect of this extract was 

studied using the changes in the electron 

absorption, fluorescence, and CD spectra.  

3.3. Structural studies of S. platensis on catalase 

3.3.1. UV–Vis absorption studies 

The absorption spectra of catalase after 10 min 

of incubation with 0–800 μg / ml concentrations of 

methanol extract of S. platensis are shown in 

Figure 6. The UV-Vis spectrum of natural catalase 

(0.7 µM) shows two maxima at 278 and 405 nm 

(Soret-band), which is due to the aromatic amino 

acids and the π → π* transition of electrons in the 

heme group (Bartoszek &  Suákowski, 2006).  

Figure 6. Electronic absorption spectra of catalase incubated 

with S. platensis methanol extract. For any given spectrum, 

catalase (0.7 µM), phosphate buffer (50 mM, pH 7), and S. 

platensis methanol extract (0.01 to 800 µg / ml) were added 

to the sample cuvette, whereas phosphate buffer (50 mM, pH 

7), and S. platensis methanol extract (at the same 

concentration as in the sample cuvette) were added to the 

reference cuvette. Insets: absorbance changes at 287 nm (A), 

and 405 nm (B) in the presence of (a) 0.01, (b) 0.05 µg / ml, 

(c) 0. 5 µg / ml, (d) 10 µg / ml, (e) 200 µg / ml, (f) 400 µg / 

ml, (g) 600 µg / ml, and (h) 800 µg / ml S. platensis methanol 

extract. 

There was a slight decrease in the intensity of 

both absorption peaks in the presence of three S. 

platensis methanol extract concentrations that 

stimulated the catalase activity (0.01, 0.05, and 0.5 

μg / ml). However, in the presence of inhibitory 

concentrations of the extract (10-800 μg / ml), the 

peak intensity of catalase at 278 nm increased with 

a blue shift (from 278 t0 275).  At 405 nm, it 

increased with a red shift (from 405 t0 414), 

indicating some compounds of S. platensis extract 

S. platensis extracts (mg /mL) Km (mM) Vm  (mM.s-1) Vm / Km (s-1) Ki  (mM) 

Without extract (0) 27.03 0.93 0.034 0 

Aqueous extract (0.6) 27.03 0.71 0.026 1.8 

Aqueous extract (0.8) 27.03 0.62 0.023 1.8 

Methanolic extract (0.6) 27.03 0.37 0.014 0.29 

Methanolic extract (0.8) 27.03 0.20 0.007 0.29 

F. Teimourpour et al / Advanced Research in Microbial Metabolites and Technology 2 (2020) 105-119 
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can form complex with catalase and alter its 

structure. 

The increase in the intensity of the peak at 

278 nm in the presence of high S. platensis 

extracts represents the unfolding of catalase. 

However, the absorbance change around 405 nm 

indicates that changes have occurred in the 

position corresponding to tryptophan residues 

located in the vicinity of the heme pocket. It has 

previously been reported that one tryptophan 

residue is located at the bottom of the channel end, 

the active site of catalase (Zamocky et al. 2008). 

Therefore, the resulting changes indicate that in 

addition to the overall three-dimensional structure 

of catalase, the conformation of the active site of 

the enzyme (heme group) is also affected by the 

compounds present in the S. platensis extract. 

Catalase intrinsic fluorescence spectroscopy was 

used to confirm the induction of the three-

dimensional shape change of the enzyme under the 

influence of S. platensis extract and the changes in 

the absorption spectrum. 

3.3.2. Fluorescence studies 

Fluorescence spectra of the catalase (0.85 µM) in 

the presence of different concentrations of S. 

platensis methanol extract at 25 and 37 °C are 

represented in Figures 7 and 8, respectively. As is 

evident in these two figures, there is a single 

emission peak at 350 nm due to the fluorescence 

emission of the tryptophan residues in catalase. 

The results of intrinsic fluorescence of catalase at 

both temperatures indicated that concentrations of 

0.01 - 0.5 µg / ml of extract (catalase activity 

stimulating concentrations) increased the 

fluorescence emission of the enzyme with a blue 

shift emission maxima from 350 to 356 nm. 

Although high concentrations of extract (10-800 

μg / ml) decreased the intensity of intrinsic 

fluorescence emission with a red shift from 6 nm 

in the presence of 10 µg / ml to 1 nM in 800 µg / 

ml  concentration. In addition, the decrease in 

emission increased by increasing the extract 

concentration.

Figure 7. Fluorescence emission spectra of catalase and 

catalase pre-incubated for 10 min with various S. platensis 

methanol extract from 0.01 to 800 µg / ml in 50 mM 

phosphate buffer (pH 7) at 25 °C (λex = 280 nm). 

Figure 8. Fluorescence emission spectra of catalase and 

catalase pre-incubated for 10 min with various S. platensis 

methanol extract from 0.01 to 800 µg / ml in 50 mM 

phosphate buffer (pH 7) at 37 °C  (λex = 280 nm). 

Figure 9 illustrates the impact of temperature on 

the fluorescence emission of catalase in the 

absence and presence of different concentrations 

of S. platensis methanol extract. As shown, the rate 
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of the decrease of catalase fluorescence emission 

intensity at 37 °C with any given concentration of 

the extract is slightly lower than that of the 

quenching rate corresponding to the same extract 

concentration at 25 °C. In addition, the increase in 

the catalase fluorescence peak at 25 °C was higher 

than the one at 37 °C at stimulatory concentrations. 

In fact, the rate of induced changes in the three-

dimensional structure of the enzyme at different 

concentrations of methanol S. platensis extract 

was greater at 25 °C than at 37 °C.  

Figure 9. Changes in the maximum intensity of catalase at 

various concentrations of S. platensis 

methanol extract at 25 °C (●) and 37 °C (○). 

The intrinsic fluorescence of proteins provides 

considerable information about their structure and 

dynamics in a solution. Conformational changes in 

protein, substrate binding, or denaturation lead to 

changes in the tryptophan emission spectra 

(Lakowicz 2006). Catalase is a 

homotetramer containing six tryptophan residues 

in each subunit that contribute to its fluorescence 

properties (Putnam et al., 2000). In this study, the 

intrinsic fluorescence analysis of catalase 

indicated that adding inhibitory concentrations of 

S. platensis extract to catalase at both 25 and 37 °C 

reduced the intrinsic fluorescence emission 

associated with a red shift, indicating tryptophan 

localization to a more polar environment. 

Conversely, increased emission and a blue shift 

were observed in the presence of low and 

stimulating concentrations of S. platensis extract, 

indicating an increase in the hydrophobicity of the 

environment around tryptophan residues. In other 

words, these results confirm the conformational 

changes of catalase after its interaction with S. 

platensis extract and are in accordance with the 

UV–Vis and CD spectroscopy findings. 

3.3.3. Quenching Mechanism 

The experimental data were analyzed according 

to the well-known Stern-Volmer equation 

(Equation 1) to predict the fluorescence quenching 

mechanism. 

        F0/F = 1 + Ksv  [Q]                (Equation 1) 

Where F0 and F are the fluorescence intensities of 

the enzyme in the absence and presence of S. 

platensis extract, respectively, and Ksv and [Q] are 

the Stern-Volmer quenching constant and 

concentration of S. platensis methanol extract as a 

quencher, respectively. 

As shown in Figure 10, the Stern-Volmer plot is 

linear up to the concentration of 400 μg / ml of S. 

platensis extract. It exhibits an upward curvature 

at higher extract concentrations, indicating the 

contribution of both static and dynamic 

mechanisms in quenching of fluorescence 

emission intensity of catalase. 

113 
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Fig.10. Stern-Volmer plots for fluorescence quenching of 

catalase by different concentrations of S. platensis methanol 

extract at 25 °C (●) and 37 °C (○). 

The modified Stern-Volmer equation (2) was 

used to determine the fraction of total fluorophores 

accessible for a quencher. 

F0/(F0-F)=(1/Ksvfa)(1/[Q])+1/fa 

(Equation 2) 

Where fa is the fraction of fluorophores accessible 

to the quencher F and F0, and Ksv and [Q] are as 

defined above. Ksv and fa were determined from 

the values of the slope and intercept of the plot of 

F0 / (F0-F) vs. 1 / [Q], respectively (Figure 11).  

Figure 11. Modified Stern-Volmer plots of catalase in the 

presence of various concentrations of S. platensis methanol 

extract at 25 °C (●) and 37 °C (○). 

The fa values at temperatures of 25 and 37 °C 

were found to be 1.9 and 1.4, respectively, 

indicating approximately 79% and 58% of the 

enzyme fluorophores were accessible to and 

affected by compounds of S. platensis extract. The 

Ksv values were found to be 0.73 mg-1.ml at 25 °C 

and 0.49 mg-1.ml at 37 °C. 

3.3.4. Binding constants and the number of 

binding sites 

The binding constants (Ka) and the number of 

quencher binding sites (n) on a catalase molecule 

at different temperatures were respectively 

obtained from the intercept on the y-axis and the 

slope of plots of log [(F0 - F) / F] versus log [Q] 

based on equation (3). 

Log (F0 - F)/F = nlog[Q]+logKa (Equation 3) 

As shown in Figure 12, there are two binding 

sites for the compounds present in the S. platensis 

methanol extract on the enzyme, and increasing 

the temperature caused no change in the number of 

binding sites.  

Figure 12. The plot of log [(F-F0)/F] vs. log [S. platensis 

methanol extract], according to equation 3, for fluorescence 

quenching of catalase in the presence of S. platensis 

methanol extract at  25 °C (●) and 37 °C (○). 

The binding constants of compounds of S. 

platensis extract with catalase were calculated to 
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be 2.5 × 10-3 and 3.3 × 10-3 mg-1.ml at 25 and 37 

°C, respectively. Based on these results, the 

binding affinity increased as the reaction 

temperature increased. In other words, the reaction 

was exothermic. 

The number of binding sites indicated that 

compounds in S. platensis extract could bind to the 

catalase through approximately two positions, and 

no change is made in the number of binding sites 

as the temperature increases from 25 to 37 °C. 

However, the binding constant value increased as 

the temperature increased, demonstrating that the 

stability of the S. platensis extract - catalase 

increased with the rising temperature. 

3.3.5. CD studies 

Circular dichroism spectroscopy gives us some 

interesting information about the changes in the 

secondary structure of proteins due to the changes 

in experimental conditions, such as the effect of 

inhibitory and activating compounds, temperature, 

ligand binding, etc. (Jasim et al., 2018).  

The alterations in the secondary structure of 

catalase after the addition of different 

concentrations of S. platensis extract to the 

enzyme at 25 and 37 °C were studied by CD in the 

far-UV–CD region (190-250 nm). As shown in 

Figure 13, the CD spectra of catalase exhibit two 

distinct extremes at 208 and 222 nm, indicating a 

predominately α-helical content for catalase. The 

changes in the shape and intensity of the CD peaks 

at 208 and 222 nm occurred in the presence of 

different concentrations of S. platensis methanol 

extract, indicating significant secondary structural 

changes. The calculated contents of the secondary 

structure elements were summarized in Table 2. 

Upon addition of S. platensis extract, the α-helical 

content increased by up to 14% for concentrations 

up to 0.05 µg / ml and then began to decrease; 

reaching 55.8% of controls for the 800 µg / ml 

extract concentration. In addition, increases in the 

β-sheet fraction were observed for extract 

concentrations 0.01 and 0.05 µg / ml; but at higher 

extract concentrations, the β-sheet content 

decreased and went from a 43.3% decrease with 

the 200 µg / ml extract to a 56.7% decrease with 

the 800 µg / ml extract. Concomitantly, the 

random coil fraction decreased by up to 34.8% for 

extract concentrations up to 0.05 µg / ml and then 

began to increase, reaching a 2-fold control value 

for the 800 µg / ml extract concentration. Since the 

same data were obtained at 37 °C, the data at this 

temperature are not shown. 

Figure 13. Far-UV CD spectra of catalase in the absence (a) 

and presence of various concentrations of S. platensis 

methanol extract, (b) 0.01, (c) 0.05, (d) 200, and (e) 800 µg 

/ ml, at 25 °C temperature. 

Table 2. Content of the secondary structure of catalase – S. 

platensis extract complex at 25 °C. 

The results of CD catalase spectroscopy in the 

presence of different concentrations of the S. 

Sample 

(μg/ml) 

α- Helix% β- Sheet% Random 

coil% 

0 28.40±0.3 37.40±0.8 34.20±1.2 

0.01 29.00±0.5 46.40±2.0 24.60±3.0 

0.05 30.30±2.1 46.20±1.2 24.30±2.4 

200 19.30±3.2 31.60±2.5 50.10±3.6 

800 15.40±0.5 16.20±1.1 68.40±2.5 
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platensis extract indicated that the low 

concentrations of the extract (0.01 - 0.05 µg /ml) 

drive catalase towards becoming more stable as 

the percentage of stable structures of α-helix and 

β-sheet increases.  Conversely, the concentrations 

of the S. platensis extract that inhibits the enzyme 

activity (200 and 800 µg / ml) drive the enzyme 

towards unfolding and instability as the percentage 

of α-helix and β-sheet structures decreases and the 

random coil structures increase. In addition, the 

rate of changes in the β-sheet structures was higher 

than in the alpha-helices in the presence of both 

stimulatory and inhibitory concentrations of S. 

platensis extract (Table 2). Since the β-sheet 

structure is considered one of the most stable 

secondary protein structures, the results of CD 

studies indicated a higher tendency of low 

concentrations of S. platensis extract to bind to the 

enzyme’s folded state and stabilize it. However, 

higher concentrations affected its relative opening 

and instability. In other words, the results are 

consistent with those obtained from fluorescence 

and UV–vis spectroscopy studies.  

3.4. Determination of interaction forces 

between catalase and S. platensis extract   

   The non-covalent protein–ligand interactions are 

divided into four groups based on the size and 

signs of the thermodynamic parameters: ΔS° > 0 

and ΔH° > 0 (hydrophobic interactions); ΔS° > 0 

and ΔH°< 0 (electrostatic interactions), and ΔS° < 

0 and ΔH° < 0 (hydrogen bonds and van der Waals 

forces) (Mu et al., 2011). The interaction forces 

between catalase and methanol extract of 

S. platensis were determined using equations 4 

(van Hoff equation) and 5.   

ln K1/K2 =(- ∆H°/R )(1/T2 -1/T1)       (Equation 4) 

ΔG° =∆H°- T ∆S° = - RT ln K         (Equation 5) 

Where K1 and K2 are the binding constants 

obtained from equation 3 at the corresponding 

temperatures (T2 and T1). R stands for the gas 

constant (Table 3).  

Table 3. Thermodynamic parameters of catalase–S. 

platensis methanol extract interaction at two temperatures of 

25 and 37 °C. 

Temperature 

(°C) 
ΔG° 

(KJmol-1) 
∆H° 

(KJmol-1) 
∆S° 

(JK-1mol-1) 
25 14.85 - -22.45 -0.0251 
37 -14.73 -22.45 -0.0248 

As can be seen, all three parameters of ΔG°, 

ΔH°, and ΔS° are negative. The negative value of 

ΔG° is indicative of spontaneous interactions of 

compounds of S. platensis methanol extract to the 

enzyme. Also, negative values of ΔH° and ΔS° are 

usually taken as evidence for hydrogen bonding 

and/or van der Waals forces between S. platensis 

extract and catalase. 

The findings are consistent with the low binding 

constant values obtained for the extract. In 

addition, the negative values obtained for ΔG° at 

25 and 37 °C suggest that the interaction of S. 

platensis methanol extract with catalase is 

performed through spontaneous intermolecular 

interactions. Additionally, the negative sign of ΔS° 

and ΔH° shows that the interactions of the S. 

platensis methanol extract and catalase are mainly 

enthalpy driven. 

It is not possible to compare and discuss the 

results of this study with other researchers 

because, to the best of our knowledge, no study has 

been conducted on the interaction of S. platensis 

extract with catalase. However, the antioxidant 

properties of S. platensis and its beneficial impacts 

in preventing or ameliorating some diseases have 

previously been reported, and there are several 

studies on the impact of certain algae on the 

activity of antioxidant enzymes under in vivo 

conditions. For example, Salem and Ibrahim 

(2011) indicated that different extracts of some 

marine algae, such as Ulva rigida, Enteromorpha 

clathrata, Jania adherens, and Corallina elongate, 

exert anticancer activity against the Ehrlich 

Ascites Carcinoma (EAC) cell line and increase 

the activity of some antioxidant enzymes. 

Furthermore, they showed the methanol and 
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chloroform extract of Ulva rigida showed the 

highest cytotoxicity, stimulatory effect on 

catalase, and superoxide dismutase activity among 

the various extracts tested. Another study 

investigating the antioxidant properties of 

Sargassum muticum seaweed extract on the 

growth of male Sprague – Dawley rats pointed out 

that the addition of the algae extracts in the diet of 

rats significantly reduced lipid peroxidation and 

glutathione peroxidase activity. However, it failed 

to significantly alter the activity of catalase and 

superoxide dismutase (Balboa et al., 2019).  

Overall, the present work indicates that S. 

platensis extract has different effects on the 

structure and activity of catalase depending on its 

concentration and, consequently, the amount of 

cellular H2O2. These non-radical reactive oxygen 

species are produced during and in many 

physiological and pathological conditions and play 

a dual role in disease and health. The 

spatiotemporal accumulation pattern of H2O2 

determines whether this molecule will act as a 

signaling messenger or cause oxidative damage 

(Dickinson et al., 2011). Moreover, hydrogen 

peroxide plays a role in regulating the synthesis 

and activity of many transcription factors. 

Therefore, catalase can modulate the expression of 

numerous genes by altering the amount of H2O2 in 

mammalian cells (Marinho et al., 2014). Thus, by 

inhibiting or enhancing the activity of catalase, the 

most important H2O2-degrading enzyme, S. 

platensis, can increase and/or decrease the amount 

of H2O2 and its associated cellular processes, 

respectively. In other words, low concentrations of 

S. platensis could act as antioxidants, while higher 

concentrations could significantly reduce catalase 

activity, increase the concentration of H2O2 and, 

accordingly, produce beneficial effects in tumor 

tissue alone. Further in vitro and in vivo 

investigation of the antitumor activity of S. 

platensis could help explain this hypothesis.  

Conclusion 

Based on our results, S. platensis aqueous and 

methanol extracts have a dual effect on the catalase 

enzyme because the S. platensis extract has an 

active and protective role for the catalase enzyme 

at low concentrations (less than 0.5 µg / ml), while 

it inhibits the catalase non-competitively at higher 

concentrations. Further, thermodynamic studies 

indicated that the compounds in the extract of S. 

platensis spontaneously bind to the two binding 

sites on the enzyme through hydrogen and van der 

Waals interactions. Based on the CD results, the 

proposed mechanism is that the extract compounds 

at low concentrations initially bind to fully folded 

catalase, leading to an increase in its stability and 

activity. However, binding to the other site occurs 

in the unfolded or partially folded states of the 

enzyme at higher concentrations, inducing a 

conformational change in the active site of the 

enzyme that inhibits its activity. Thus, the S. 

platensis extract has the potential to strengthen the 

body's antioxidant system at low concentrations by 

activating the catalase enzyme. On the other hand, 

the application of S. platensis methanol extract at 

high concentrations may induce apoptosis in 

cancer cells by inhibiting catalase activity by thus 

increase H2O2. However, further research is 

needed to prove these assumptions. 

Conflict of Interest 

The authors declare that there is no conflict of 

interest. 

Acknowledgments 

This work was extracted from a thesis for an MSc 

degree in biochemistry. The authors gratefully 

acknowledge the Science and Research 

Branch of Islamic Azad University and the Iranian 

Research Organization for Science and 

Technology for financial support of this work.  

117 



118 

F. Teimourpour et al / Advanced Research in Microbial Metabolites and Technology 2 (2020) 105-119 

Ethical approval 

This article does not contain any studies with 

human participants or animals performed by any 

of the authors. This article does not contain any 

studies with human participants or animals 

performed by any of the authors.  

Open access 

This article is distributed under the terms of the 

Creative Commons Attribution License which 

permits unrestricted use, distribution, and 

reproduction in any medium, provided the original 

work is properly cited. 

References 

[1] Aebi, H. (1984). Catalase in 

vitro. Methods in enzymology, 105, 121–126. DOI: 

10.1016/s0076-6879(84)05016-3 

[2] Ahmad, W., Ijaz, B., Shabbiri, K., Ahmed, F., Rehman, 

S. (2017). Oxidative toxicity in diabetes and Alzheimer’s 

disease: mechanisms behind ROS/ RNS generation. Journal 

of biomedical science, 24 (1), 76. DOI: 10.1186/s12929-

017-0379-z 

[3] Balboa, E. M., Millán, R., Domínguez, H., Taboada, C. 

(2019). Sargassum muticum hydrothermal extract: effects on 

serum parameters and antioxidant activity in rats. 

Applied sciences, 9, 2570. DOI: 10.3390/app9122570 

[4] Bartoszek, M., Suákowski, W. W. (2006). The Study of 

pH influence on bovine liver catalase by means of UV-vis 

spectroscopy and spin labelling method.  Polish journal of 

environmental studies, 15, 41-43. 

[5] Bravo-Tello, K., Ehrenfeld, N., Solís, C. J., Ulloa, P. E., 

Hedrera, M., Pizarro-Guajardo, M., Paredes-Sabja, D., 

Feijóo, C. G. (2017). Effect of microalgae on intestinal 

inflammation triggered by soybean meal and bacterial 

infection in zebrafish. PLOS One, 7, 12:e0187696. DOI: 

10.1371/journal.pone.0187696 

[6] Dickinson, B. C., Chang, C. J. (2011). Chemistry and 

biology of reactive oxygen species in signaling or stress 

responses. Nature chemical biology, 7(8), 504–511. DOI: 

10.1038/nchembio.607 

[7] Farag, M. R., Alagawany,  M., El-Hack, M. E. A., 

Dhama, K. (2016). Nutritional and healthical aspects of 

Spirulina (Arthrospira) for poultry, animals and human. 

International journal of pharmacology, 12, 36-51. 

DOI: 10.3923/ijp.2016.36.51 

[8] Fedekar Fade Madkour, F. F., Kamila, A. E. W., Nasr, 

H. S. (2012). Production and nutritive value of Spirulina 

platensis in reduced cost media. Egyptian 

journal of aquatic research, 38(1), 51-57. DOI: 

org/10.1016/j.ejar.2012.09.003 

[9] Forrester, S. J., Kikuchi, D. S., Hernandes, M. S., Xu, 

Q., Griendling, K. K. (2018). Reactive oxygen species in 

metabolic and inflammatory signaling. Circulation research, 

122(6), 877-902. DOI: 10.1161/CIRCRESAHA.117.311401 

[10] Gogineni, V.,  Hamann, M. T. (2018). Marine natural 

product peptides with therapeutic potential: Chemistry, 

biosynthesis, and pharmacology. Biochimica et biophysica 

acta- general subjects,  1862(1), 81-196. DOI: 

10.1016/j.bbagen.2017.08.014 

[11] Halliwell, B., Gutteridge, J. (Eds.). (2015). Free radicals 

in biology and medicine.  UK: Oxford University Press. 

[12] Jasim, S. B., Li, Z., Guest, E. E., Hirst, J. D. (2018). 

Dichro Calc: Improvements in computing protein circular 

dichroism spectroscopy in the near-ultraviolet.  Journal of 

molecular biology, 430(15), 2196-2202.  DOI: 

10.1016/j.jmb.2017.12.009 

[13] Jerez-Martel, I., García-Poza, S., Rodríguez-Martel, G., 

Rico, M., Afonso-Olivares, C., Gómez-Pinchetti, JL. (2017) 

Phenolic profile and antioxidant activity of crude extracts 

from microalgae and cyanobacteria strains. Journal of food 

quality, 2017(4):1–8.  DOI:10.1155/2017/2924508 

[14] Joventino, I. P, Alves, H. G., Neves, L. C., Pinheiro-

Joventino, F., Leal, L. K., Neves, S. A., Ferreira, F.V., Brito, 

G. A., Viana, G. B. (2012). The microalga Spirulina 

platensis presents inflammatory action as well as 

hypoglycemic and hypolipidemic properties in diabetic rats. 

Journal of complementary and integrative medicine, 9, 10. 

DOI: 10.1515/1553-3840.1534 

[15] Lakowicz, J. R. (2006). Principles of fluorescence 

spectroscopy. New York: Springer.  

[16] Lenzen, S. (2017). Chemistry and biology of reactive 

species with special reference to the antioxidative defence 

status in pancreatic β-cells. Biochimica et biophysica 

acta- general subjects, 1861(8), 1929-1942. DOI: 

10.1016/j.bbagen.2017.05.013 

[17] Mansuri, M. S., Jadeja, S. D., Singh, M., Laddha, N. C., 

Dwivedi, M., Begum, R. (2017). The catalase gene promoter 

and 5'-untranslated region variants lead to altered gene 

expression and enzyme activity in vitiligo. British journal of 

dermatology, 177(6), 1590-1600.  DOI: 10.1111/bjd.15681 

[18] Marinho, H. S., Real, C., Cyrne, L., Soares, 

H., Antunes, F. (2014). Hydrogen peroxide sensing, 

signaling and regulation of transcription factors.  Redox 

biology, 2, 535-62. DOI: 10.1016/j.redox.2014.02.006   



F. Teimourpour et al / Advanced Research in Microbial Metabolites and Technology 2 (2020) 105-119 

[19] Mu, Y., Lin, J., Liu, R. (2011). Interaction of sodium 

benzoate with trypsin by spectroscopic techniques. 

Spectrochimica Acta, Part A: Molecular and Biomolecular 

Spectroscopy, 83(1), 130-135. DOI: 

10.1016/j.saa.2011.07.092 

[20] Panahi, Y., Yekta, R., Dehghan, G.,  Rashtbari, S., 

Jonaidi Jafaric, N., Moosavi-Movahedi, A. (2019). 

Activation of catalase via co-administration of aspirin and 

pioglitazone: Experimental and MLSD simulation 

approaches. Biochimie, 156, 100-108. DOI: 

org/10.1016/j.biochi.2018.10.007 

[21] Park, W., Kim, H. J., Li, M., Lim, D. H., Kim, J., Kwak, 

S. S., Kang, C. M., Ferruzzi, M. G., Ahn, M. G. (2018). Two 

classes of pigments, carotenoids and C-phycocyanin, in 

spirulina powder and their antioxidant activities. Molecules, 

17, 23(8). pii: E2065. DOI: 10.3390/molecules23082065 

[22] Putnam, C. D., Arvai,  A. S. Bourne, Y., Tainer, J. A. 

(2000). Active and inhibited human catalase structures: 

Ligand and NADPH binding and catalytic mechanism. 

Journal of molecular biology, 296, 295–309.  DOI: 

10.1006/jmbi.1999.3458 

[23] Roy, U. T., Nielsen, B. V., Milledge, J. J. (2021). 

Antioxidant production in Dunaliella. Applied Sciences, 11, 

3959. DOI: 10.3390/app11093959 

[31] Salem, T. A.,  Ibrahim, A. M. (2011). Anticancer 

activity of Egyptian marine alga Ulva rigida.  International 

Journal of Health Sciences, 5, 6–8. 

[24] Schriner, S. E., Linford, N. J., Martin, G. M., Treuting, 

P., Ogburn, C. E., Emond, M., Coskun, P. E., Ladiges, W., 

Wolf, N., Van Remmen, H., Wallace, D. C., Rabinovitch, P. 

S. (2005). Extension of murine life span by overexpression 

of catalase targeted to mitochondria. Science, 308, 1909-11. 

DOI: 10.1126/science.1106653 

[25] Selvaratnam, J., Robaire, B. (2016). Overexpression of 

catalase in mice reduces age-related oxidative stress and 

maintains sperm production. Exp Gerontology, 84, 12–20. 

DOI: 

10.1016/j.exger.2016.08.012https://en.wikipedia.org/wiki/C

atalase - cite_ref-pmid15879174_28-0 

[27] Sharoba, A. M.  (2014). Nutritional value of spirulina 

and its use in the preparation of some complementary baby 

food formulas. Journal of agroalimentary processes and 

technologies, 20(4), 330-350. DOI: 

10.21608/jfds.2014.53033 

[28] van Anken, E., Braakman, I. (2005). Versatility of the 

endoplasmic reticulum protein folding factory. Critical 

reviews in biochemistry and molecular biology, 40(4), 191-

228. DOI: 10.1080/10409230591008161 

[29] Vieceli, D. S., Zambonin, L., Fiorentini, D., Rizzo, 

B., Caliceti, C., Landi, L., Hrelia, S., Prata, C. (2014). 

Specific aquaporins facilitate Nox-produced hydrogen 

peroxide transport through plasma membrane in leukaemia 

cells. Biochimica et Biophysica Acta, 1843(4), 806-814. 

DOI: 10.1016/j.bbamcr.2014.01.011 

 [30] Wu, L. C., Lin, Y. Y., Yang, S. Y., Weng, Y. T., Tsai, 

Y. T. (2011). Antimelanogenic effect of c-phycocyanin 

through modulation of tyrosinase expression by upregulation 

of ERK and downregulation of p38 MAPK signaling 

pathways. Journal of biomedical science, 18(1), 74. DOI: 

10.1186/1423-0127-18-74 

 [31] Yoshinari, O., Shiojima, Y., Igarashi, K. (2014). 

Hepatoprotective effect of germanium-containing Spirulina 

in rats with D-galactosamine- and lipopolysaccharide-

induced hepatitis. Nutrition, 111(1), 40-135. DOI: 

10.1017/S0007114513001943 

[32] Youssef, P., Chami, B., Lim, J., Middleton, 

T., Sutherland, G. T., Witting, P. K. (2018). Evidence 

supporting oxidative stress in a moderately afected area of 

the brain in Alzheimer’s disease. Scientific reports, 8, 

11553.  DOI: 10.1038/s41598-018-29770-3 

[33] Zalewska-Ziob, M., Adamek, B., Kasperczyk, 

J., Romuk, E., Hudziec, E., Chwalińska, E., Dobija-Kubica, 

K., Rogoziński, P., Bruliński, K. (2019). Activity of 

antioxidant enzymes in the tumor and adjacent noncancerous 

tissues of non-small-cell lung cancer. 

Oxidative medicine and cellular longevity, 31, 2901840. 

DOI: 10.1155/2019/2901840 

[34] Zamocky, M., Furtmüller, P. G., Obinger, C. (2008). 

Evolution of catalases from bacteria to humans. 

Antioxidants & redox signaling , 10(9), 527–548. 

DOI: 10.1089/ars.2008.2046 

119 


