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INTRODUCTION 

Paraoxonase (PON), which has a glycoprotein structure, is a calcium (Ca+2) dependent ester hydrolase with both 

arylesterase and paraoxonase activity (Durrington, 2001). Paraoxon, which is the result of the catabolic product of the parathion 

compound, inhibits acetylcholine esterase and some enzymes, which play an important role in the transmission of nerve impulses. 

However, the organism has formed defense systems against many of these effects. One of them is the PON enzyme (Costa et al., 

1999; La Du et al., 1999). There are three forms of PON enzyme: PON1, PON2 and PON3. PON proteins differ from each other 

according to their expression and distribution in tissues (Carey et al., 2005). PON1 is the most studied isoenzyme, whose structure 

and functions are best illuminated according to PON2 and PON3 (Clendenning, 1996), determined to the q21.3-q22.1 region on 

the long arm of chromosome 7. PON2 is the second member of the PON gene family located on chromosome 7 q21.3-22.1 

(Roest, 2008). PON2 is not found in serum; artery macrophage cells are found in various tissues and cells (Shiner et al., 2006; 

Fuhrman et al. 2008). PON3 is a protein with a molecular mass of about 40 kDa located on chromosome 7, between PON1 and 

PON2. PON3 is an enzyme with antioxidant properties like other isoenzymes and inhibits monocyte chemotaxis caused by 

oxidized LDL (Janka et al., 2002; Mackness et al., 2004). The PON enzyme hydrolyzes paraoxane and eliminates its harmful 

effects (Costa et al., 1999; La Du et al., 1999). PON enzyme shows an antioxidant feature by limiting lipid oxidation in LDLs 

thanks to HDL, which is bound to its structure. For this reason, the paraoxonase enzyme protects cells against oxidative stress 

and acts as a cellular antioxidant (Elena et al., 2006). The enzyme in question; It has been investigated in organisms such as fish, 

frogs, dogs, rats, sheep and mice and the structural and kinetic properties of the enzyme have been determined (Furlong et al., 

1991; Chemnitus et al., 1983). 

Environmental problems are one of the dangers that threaten human and animal health (Köse & Uysal, 2008). Heavy 

metals are among the most important inorganic factors that are among industrial wastes and some pesticides and pollute water. 

Heavy metals, which are in equilibrium at certain concentrations in aquatic environments under normal conditions, accumulate 

in the sediment, especially in urban and industrial areas, and are absorbed by biota (Wildi et al., 2004). Sediments are 

contaminated with heavy metals, threatening the health of aquatic ecosystems and causing a major source of stress. These metals 

that accumulate constitute a major risk factor for aquatic organisms located in and on the sediment (Delvalls et al., 1998). 

Fish also absorb these heavy metals found in downstream creatures through the food chain (Aksun, 1986). Heavy metal 

pollution negatively affects not only aquatic organisms but also human health. Metals such as iron, copper, zinc and manganese, 
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which are among the essential elements, play an important role for living things. In addition, when essential elements are taken 

in excessive amounts, they can create toxic effects in living things (Türkmen and Ciminli, 2007). In this study, the effect of 

manganese (Mn+2), cobalt (Co+2) and iron (Fe+2) transition metal ions on PON enzyme activity on the muscle tissue of bonito 

fish was investigated and in order to determine the antioxidant level of the enzyme. Total oxidant and total antioxidant capacity 

levels on muscle tissue were determined. 

MATERIALS AND METHODS  

The average weight of the material obtained from the Black Sea in the north of Turkey Studies 600-800 g from 40 to 

45 cm long with 25 bonito form of fish. Muscle tissue of bonito fish taken from the sea in October, which is the seasonal season, 

and brought to the laboratory environment by cold chain was used in the study. Tissue samples taken from bonito were weighed 

0.3 g and placed in dry centrifuge tubes, then 1.5 mL Tris-HCl buffer was added to them and homogenized. The homogenized 

tissues were centrifuged in a cooled centrifuge at +4 oC and 3000 rmp speed for 30 minutes and supernants were separated. The 

separated supernatants were used on the same day. PON enzyme activity determination method recommended by Gülcü and 

Gürsu (2003) was used for PON enzyme activity determination. 

The Effect of Manganese II Chloride (MnCl2) on PON Enzyme Activity: In PON enzyme activity determination, 

50 µL Tris-HCl buffer, 50 µL calcium chloride + paraoxone and 50 µL enzyme solution are added to the cuvette and the value 

at 37 oC and 405 nm absorbance in ELISA It was read in 30 seconds. Then, after adding different volumes (10 µL, 20 µL, 30 

µL, 40 µL and 50 µL) 0.001 M MnCl2 solution to the measured cuvette, the absorbance at 405 nm was measured. 

The Effect of Cobalt II Chloride (CoCl2) on PON Enzyme Activity: In PON enzyme activity determination, 50 µL 

Tris-HCl buffer, 50 µL calcium chloride + paraoxone and 50 µL enzyme solution are added to the cuvette and its value at 37 oC 

and 405 nm absorbance in ELISA It was read in 30 seconds. Then, after adding different volumes (10 µL, 20 µL, 30 µL, 40 µL 

and 50 µL) 0.001 M CoCl2 solution to the measured cuvette, the absorbances at 405 nm were measured. 

The Effect of Iron II Chloride (FeCl2) Compound on PON Enzyme Activity: In PON enzyme activity determination, 

50 µL Tris-HCl buffer, 50 µL calcium chloride + paraoxone and 50 µL enzyme solution are added to the cuvette and the value 

at 37 oC and 405 nm absorbance in ELISA It was read in 30 seconds. Then, after adding different volumes (10 µL, 20 µL, 30 

µL, 40 µL and 50 µL) 0.001 M FeCl2 solution to the measured cuvette, the absorbances at 405 nm were measured. 

While calculating the effects of transition metal ions of Mn+2, Co+2 and Fe+2 on PON enzyme activities, enzyme activities 

determined in an environment without inhibitor were used as %100 enzyme activity. 

In this study, the distribution of the data obtained was examined to determine the effect of MnCl2, CoCl2 and FeCl2 

solutions on PON enzyme activity corresponding to different concentrations (10 µL, 20 µL, 30 µL, 40 µL and 50 µL). Since the 

data showed normal distribution, One-Way Anova analysis was performed using the SPSS statistical package program (Çelik, 

2012). 

RESULTS  

Effect of Transition Metals on PON Enzyme Activity 

For the PON enzyme activity, the enzyme solution and prepared solutions (MnCl2, CoCl2 and FeCl2) were added to the 

reaction medium, and the changes in the enzyme activity in the last case were measured. MnCl2, CoCl2 and FeCl2 solutions were 

taken in different volumes and the measurements were repeated, the average of the results found was calculated and the enzyme 

activity determination chart and graph were drawn. 

PON enzyme percent activity values obtained by using MnCl2 solutions at different concentrations (10 µL, 20 µL, 30 

µL, 40 µL and 50 µL) are given in Table 1. 

Table 1. Percent activity values of paraoxonase enzyme determined in the medium with MnCl2 

 

When figure 1 is examined, it is seen that after adding 10 µL of MnCl2 solution to the reaction medium, the enzyme 

activity is determined as 104.25%, while the enzyme activity decreases as a result of increasing MnCl2 concentrations and reaches 

100.88% at 50 µL. As a result of the measurements, it was determined that the transition metal ion Mn+2 reduces the PON enzyme 

activity. 
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Figure 1. Activity determination figure for paraoxonase enzyme in MnCl2 environment 

Data for One-Way Anova (One-Way Anova) analysis to determine whether there is a statistical difference between 

different concentrations of MnCl2 solution (10 µL, 20 µL, 30 µL, 40 µL and 50 µL) are shown in Table 2. 

Table 2. One-way Anova analysis results of different concentrations of MnCl2 solution 

Total squares Total squares SD Mean square f p 

Between groups 506.7070 4 126.677 0.421 0.793 

In-group 28590.277 95 300.950   

Total 29096.984 99    

As seen in Table 2, it was determined that there was no statistically significant difference between the different 

concentrations used, but there was a decrease in the PON enzyme activity depending on the increasing concentrations (p> 0.05). 

PON enzyme percent activity values obtained by using CoCl2 solution in different concentrations (10 µL, 20 µL, 30 

µL, 40 µL and 50 µL) are given in Table 3. 

Table 3. Percent activity values of paraoxonase enzyme determined in the medium with CoCl2 

Inhibitor concentrations and percent activity figure for PON enzyme indicated in Table 3 in CoCl2 environment are 

given in Figurehen figure 2 is examined, it is seen that after adding 10 µL of CoCl2 solution to the reaction medium, the enzyme 

activity is determined as 115.33%, while the enzyme activity decreases as a result of increasing CoCl2 concentrations and reaches 

107.83% at 50 µL. As a result of the measurements, it was determined that the Co+2 transition metal ion decreased the PON 

enzyme activity. 
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Figure 2. Activity determination figure for paraoxonase enzyme in environment with CoCl2 

Data for One-Way Anova (One-Way Anova) analysis to determine whether there is a statistical difference between 

different concentrations of CoCl2 solution (10 µL, 20 µL, 30 µL, 40 µL and 50 µL) are shown in Table 4. 

Table 4. One-way ANOVA analysis results of different concentrations of CoCl2 solution 

Total squares Total squares SD Mean square f p 

Between groups 1406.7360 4 351.684 0.449 0.773 

In-group 74334.052 95    

Total 75740.788 99    

 

As seen in Table 4, it is seen that there is no statistically significant difference between the different concentrations of 

CoCl2 solution used (p> 0.05). 

PON enzyme percent activity values obtained by using FeCl2 solutions in different concentrations (10 µL, 20 µL, 30 

µL, 40 µL and 50 µL) are given in Table 5 

Table 5. Percent activity values of paraoxonase enzyme determined in the medium with FeCl2. 

 

Inhibitor concentrations indicated in Table 5 and percent activity graph for PON enzyme in FeCl2 environment are given 

in Figure 3. 
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Figure 3. Activity determination figure for paraoxonase enzyme in FeCl2 environment 

When figure 3 is examined, it is seen that after adding 10 µL of FeCl2 solution to the reaction medium, enzyme activity 

is determined as 116.01%, as a result of increasing FeCl2 concentrations the enzyme activity decreases and reaches 112.68% at 

50 µL. As a result of the measurements, it was determined that the transition metal ion Fe+2 caused a decrease in PON enzyme 

activity (p> 0.05). 

Data for One-Way Anova (One-Way Anova) analysis to determine whether there is a statistical difference between 

different concentrations of FeCl2 solution (10 µL, 20 µL, 30 µL, 40 µL and 50 µL) are shown in Table 6. 

Table 6. One-way ANOVA analysis results of different concentrations of FeCl2 solution 

Total squares Total squares SD Mean square f p 

Between groups 46338.3940 4 11584.599 0.596 0.666 

In-group 1846411.61 95 19435.912 
 

 
 

Total 1892750.00 99   
 

 

 

As seen in Table 6, it was determined that there was no statistically significant difference between the different 

concentrations used, but there was a decrease in the PON enzyme activity due to the increasing concentrations (p> 0.05). 

DISCUSSION  

In this study, in the hydrolysis of organophosphate compounds, which have widespread use as insecticide and nerve 

gas, on the PON enzyme found in the muscle tissue of bonito fish, which has antioxidant and antibacterial activity, manganese 

(Mn+2), cobalt (Co+2) and iron (Fe+2) the effect of transition metal ions was investigated. When the effect of transition metal ions 

Mn+2, Co+2 and Fe+2 on PON enzyme activity was examined, it was concluded that increasing concentrations of these ions 

decreased the PON enzyme activity. However, it was determined that this increase was not statistically significant. 

In studies conducted in fish, it has been determined that various substances cause inhibition on serum and liver PON 

enzyme (Ganzalvo et al., 1997; Debord et al., 2003; Çiftçi et al., 2000; Debord et al., 1998). In a study conducted on fish of 

Scyliorhinus canicula, the inhibitory effect of Cu+2, Ni+2, Cd+2 and Hg+2 metal ions on PON enzyme activity was investigated in 

vitro. As a result, it was determined that Hg+2, Ni+2, Cd+2 and Cu+2 metal ions all exhibited inhibitory effect on PON enzyme 

activity, while Cu+2 metal ions had the strongest inhibitory effect (Sayın, 2012). Samra et al., (2010), examined the in vitro 

inhibitor effects of some metal ions, at 1.0 mM concentration on human PON1 enzyme activity. It was determined that Mg+2 and 

Mn+2 ions did not show any effect on human PON1 enzyme activity, Pb+2, Co+2, and Zn+2 ions decreased the activity, while Ni+2, 

Cd+2, and Cu+2 ions inhibited the PON1 enzyme activity (Samra et al., 2010). 

In a study conducted on PON enzyme activity purified from rat liver, the inhibition types of Mn+2, Co+2, Cu+2 and Hg+2 

metal ions were determined and Hg heavy metal was found to be the strongest inhibitor for PON. For purified PON, the inhibition 

power was listed as Hg+2>Co+2>Mn+2>Cu+2 from strong to weak (Pla et al., 2007). In another study on serum PON enzyme 

activity in Merino and curly breed sheep, it was determined that the commonly used heavy metals Mn+2, Co+2, Hg+2, Cd+2, Cu+2 

and Ni+2 affected in vitro (Erol, 2012). In the study conducted on PON enzyme purified from human liver, the inhibition effect 

of EDTA compound, metals such as Mg+2, Co+2, La+3, Zn+2, Cu+2, Ba+2, Hg+2 and p-hydroxyliciva benzoate were investigated. It 

has been reported that EDTA, copper, barium, lanthanum and p-hydroxyliciva benzoate compounds cause competitive inhibition 

and Zn metal exhibits a non-competitive inhibition effect (Pellin et al., 1990). Erol et al., (2013), in another study, examined the 

effect of some metal ions on PON1 enzyme activity purified from blood samples taken from Merino and Kivircik sheep breeds. 

It was determined that Mn+2, Hg+2, Co+2, Cd+2, Ni+2, and Cu+2 metal ions showed different levels of inhibition effect on PON 
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enzyme activity and Cu+2 heavy metal ion caused strongest inhibitor effect for PON (Erol et al., 2013). With this study, it is seen 

that the inhibitory effect of Mn+2 and Co+2 transition metal ions on PON enzyme activity in bonito fish is similar to the inhibitory 

effect on PON enzyme activity studied in merino and curly sheep breeds. 

Dedeoğlu et al., (2014) observed in their study that changes occurred in the PON1 enzyme activity purified from bull 

semen in the presence of heavy metal ions Cu+2, Mn+2, Cd+2, Zn+2, Ni+2 and Pb+2 at different concentrations. They stated that 

while Cd+2 ion increases PON1 activity, other heavy metal ions inhibit PON1 enzyme at micromolar levels. Similarly, it was 

determined that the Mn+2 transition metal ion used in this study caused a decrease in PON enzyme activity purified from acorn. 

It is seen that the inhibitory effect of Mn+2 transition metal ion on PON enzyme activity studied in bonito fish is similar to the 

inhibitory effect on PON1 enzyme activity purified from bull semen. 

CONCLUSION AND RECOMMENDATIONS 

In a study conducted by purifying PON enzyme in carp fish, it was determined that Fe metal inhibits PON enzyme 

activity (Beyaztaş et al., 2007). In a study conducted on bonito fish, the effect of some heavy metals on glutathione transferase 

enzyme, which has detoxification and antioxidant properties such as PON enzyme, was examined and Pb+2, Cr+2, Fe+3, Ag+, 

Cu+2, Cd+2 and Zn+2 metal ions inhibited enzyme activity (Güller et al., 2014). As a result of this research, it was determined that 

the Fe+2 transition metal ion caused a decrease in PON enzyme activity purified from bonito fish at low levels. It is seen that the 

inhibitory effect of Fe+2 transition metal ion on PON enzyme activity in bonito fish is similar to the inhibitory effect of PON 

enzyme purified from carp fish and glutathione transferase enzyme in bonito fish. 

In the literature reviews, it is seen that there are limited studies on the effect of transition metal ions on antioxidant 

enzymes found in bonito fish and other fish species. As a matter of fact, there are quite a limited number of studies in which the 

effects of Mn+2, Co+2 and Fe+2 transition metal ions used in this study on different fish species and different enzyme activities 

are determined. In this context, this research, in which the effect of transition metal ions Mn+2, Co+2 and Fe+2 on PON enzyme 

activity in bonito is determined, is thought to provide depth and contribution to the field. 
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