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Abstract -Effects of physical and chemical treatments to peroxidases from the haemolymph of the 4th nymphal instar 
of the desert locust, Schistocerca gregaria were studied to detect some properties of this enzyme system. The results 
showed that peroxidases oxidation of O-phenylenediamine was significantly inhibited by ethylenediamine tetra  acetic 
acid disodium salt (EDTA) and Na azide, but activated by the reducing agent (ascorbic acid) and CUSO4. The 
inhibition of peroxidases activity by EDTA as a chelating agent suggest that locust peroxidases are metaloenzymes. 
Peroxidases were more stable in acidic than alkaline media, and had optimum activity at pH 6. Peroxidases, as shown 
by the study, were less thermostable than some other enzyme systems. The relatively high temperature degrees 
(>50°C) affected thermostability of the enzyme. Locust haemolymph peroxidases activity increased gradually from 15 
to 25°C and reaching to its optimal activity at 35°C. It is likely to take into consideration, during peroxidases studying, 
that they are sensitive to high temperature, alkalinity of the medium, and some salts and compounds, the situation that 
might affect locust peroxidases catalysis.          
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——————————      —————————— 

1. INTRODUCTION 

Peroxidases (EC 1.11.1.) are enzymes catalyze oxidation-reduction reactions using H2O2 as oxidant [1] 

. The functions of insect peroxidases include detoxification, stabilization of extracellular matrices, and possible 

involvement in insect immunity [2]. 

Properties and significance of some oxidoreductases such as phenoloxidases, specially as defensive 

mechanism against pathogens, have been well studied in insects [3]; [4]; [5]; [6]; [7]. However other 

oxidoreductases such as peroxidases have been received, little attraction. Some studies were concerned with 

the structure and catalytic mechanisms such that performed on Aedes aegypti peroxidase [2]. Ascorbate 
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peroxidase (APOX) activity, which catalyzes the oxidation of ascorbic acid was found to be resistant to many of 

the known inhibitors of plant Apox in larvae of Helicoverpa zea [8]. A long these lines, this study was conducted 

to detect compounds able to inhibit peroxidases from the fourth instar nymphs of the desert locust, Schistocerca 

gregaria as well as some characteristic properties involved in its activation, inhibition and some 

physicochemical effects on enzyme.      

      

 

2. MATERIALS AND METHODS 

2.1 Insects:  

Fourth nymphal instars of the desert locust was collected from Giza province cultivars, and brought to 

laboratory to perform the experiments. 

2.2 Enzyme haemolymph preparation:     

Nymphs were bled by cutting one of their thoracic legs and the haemolymph was collected in a chilled 

centrifuge tube coated with ice jacket. The collected haemolymph was centrifuged for 10 min at 3000 r.p.m. to 

remove the blood cells. The blood plasma proteins were precipitated with ammonium sulphate (70%), dialyzed 

after suspended in d H2O2, and used as semi-purified enzyme source which kept in a freezer     (-20°C) till use 

for peroxidase activity assay. 

Total protein in the plasma was determined as described by [9] using protein-dye binding method 

using bovine serum albumin as standard.     

2.3 Determination of peroxidases activity:  

Peroxidases activity was determined with modifications of the method described by [10]. The reaction mixture 

consisted of 0.8 ml 0.2 M phosphate - Citrate buffer, 100 ul of 10-3 M O-phenylenediamine as the substrate 

(dissolved in 95% ethanol), 100 ul of 0.3% H2O2 and 25 ul of the locust plasma. The pH and temperature of the 
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reaction were at the optima found experimentally after detecting effect of such physical factors on the 

peroxidases activity. Enzyme reaction was initiated by adding the substrate solution to the reaction mixture. 

Prior to the inhibition of the reaction, the substrate and other ingredients of the reaction were separately 

incubated at the optimum temperature of the reaction. The absorbance of peroxidases activity was recorded for 

10 min at 1 min interval against sample blank as the zero adjustment at 430 nm using spectronic 1201 

spectrophotometer. Peroxidases activity was expressed as Δ O.D units x103 min-1 mg protein-1. 

2.4  Activation and inhibition of enzymatic activity:  

Peroxidases activators and inhibitors were used for determining some properties, or detecting potent 

and new inhibitors for this system. Effect of organic compounds such as ascorbic acid as a reducing agent, and 

inorganic compounds such as ethylenediamineteracetic acid disodium salt (EDTA), cupper sulphate (CuSo4) 

and sodium azide (NaN3), on peroxidases activity was determined. Two hundreds microliters of various 

compounds were added to 25 ul of the plasma and incubated for 15 min at room temperature. Then 

peroxidases activity was determined as described above. The results were compared to reaction mixture 

containing 200 ul of  Δ H2O instead of activators or inhibitors solutions.   

2.5  Thermal and pH effect on peroxidases activity:  

Locust plasma peroxidases, prior to the initiation of reaction, were incubated for 30 min at 25°C at 

variable pH values (4-9), and temperature (20-80°C) to determine their stability. Buffers added to the reaction 

were prepared with 0.1 M citric acid-sodium citrate (pH 4.5 and 5.5), 0.1 M sodium phosphate (pH 6-8), and 0.1 

M Tris-HCl (pH 9). The assay of peroxidases activity was followed as described above.             

2.6  Data analysis: 

All obtained values were pooled from triplicate (at least n =5). Colorimetric determinations were 

repeated 3 times. Using Costat statistical software (Cohort Software, Brekely), means and standard deviations 

were obtained. The statistical significant between means were tested by Duncan's multiple range test at 1% 

level.  
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3. RESULTS AND DISCUSSION 

3.1- Chemical effects: 

Peroxidases activators and inhibitors were used for determining some properties of this enzyme or 

detecting new inhibitors of this system in S. gregaria fourth-nymphal instar. Incubation of haemolymph 

peroxidases for 15 min at 25°C, before determining the enzyme activity, with some inorganic compounds, 

reducing and chelating agents was studied (Table 1). The results show that peroxidase oxidation of O-

phenlenediamine was significantly inhibited by all of the tested concentrations of the chelating agent; EDTA. 

The activity was 19.9, 11.8, 11.71 and 42.15 Δ430ODx103/min/mg protein for haemolymph enzyme incubated 

with 10-4, 10-3 and 10-2 M EDTA, and none treated enzyme, respectively. On the contrary, concentrations of 

ascorbic acid as a reducing agent activate the enzyme catalysis, and the activation was proportional to the 

tested concentration. After enzyme incubation with 5x10-3 and 2.5x10-2 M of ascorbic acid, the activity was 55.02 

and 97.17 Δ430ODx103/min/mg protein, respectively. The same condition was observed for CuSo4, while NaN3 

inhibit S. gregaria haemolymph peroxidases activity when used at concentration of 10-1 M.  

3.2- Physical effects: 

The ability of peroxidases to withstand pH and temperature extremes, i.e. their stability, and optimal 

conditions for enzyme activity were studied. Incubation of locust plasma peroxidases for 30 min at 25°C (room 

temperature) in variable degrees of pH (4-9) before measuring the ability of peroxidases to oxidize O-

phenylenediamine was studied (Fig. 1). The results showed that peroxidases were more stable in acidic than 

alkaline media. The percentage of peroxidases activity as compared to  

Table (1): Effect of incubation of peroxidases with some chemical compounds on 

peroxidases activity of the haemolymph, of 4th nymphal instar of the 

locust, S. gregaria. 
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Compounds  Conc. (M)  
Peroxidases activity  

(Δ430ODx103/min/mg protein) 

None  - 42.15±1.9a 

EDTA 10-2 11.71±0.9c 

 10-3 11.8±07c 

 10-4 19.9±0.5b 

Ascorbic acid  2.5x10-2 97.17±4.2b 

 5x10-3 55.02±1.8c 

CuSO4  5x10-3 87.8±4.1b 

 10-3 91.3±3.7b 

 10-4 50.3±2.6c 

NaN3  10-1 4.12±0.3b 

 10-2 44.5±2.4a 

- Data presented as the means±S.D. 

- Means of each compound and none treated enzyme, bearing different subscripts are significantly different (P< 1%). 
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Fig. (1): pH stability of the haemolymph peroxidases of the 4th nymphal instar of the locust, S. 

gregaria after incubation in the indicated pH for 30 min at 25°C. 

   

enzyme incubated at optimum pH 80, 100, 100, 60, 30 and 10% for enzyme activity incubated at pH 4, 5, 6, 7, 8 

and 9, respectively. 

 The optimal pH of locust plasma peroxidases activity was detected (Fig. 2). The enzyme activity 

increased gradually when pH of the reaction mixture was 5-5.5, reaching its optimal activity at pH 6, and 

began to decline at pH 6.5. The decrease was sharp when pH was >6.5. Peroxidases activity at pH 6 (optimum) 

was 40.2 Δ430ODx103/min/mg protein, while it was 3.4 Δ430ODx103/min/mg protein at pH 8.    

 Another physical factor which expected to affect locust peroxidases activity is temperature. Figure (3) 

shows that high temperature degrees affect thermostability of the enzyme. When the enzyme subjected to heat 

treatment before measuring its activity, the relatively high temperature degrees led peroxidases to be less 
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active, where peroxidases activity% was affected at 60°C. It was 63% of the activity of control enzyme that not 

subjected to heat treatment. The enzyme lost its major activity (90%) at 80°C.  

The optimal temperature of peroxidases activity was detected as shown in Fig. (4). The figure shows that 

oxidation of O-phenylenediamine by locust peroxidases increased gradually from 15 to 25°C and reaching to 

its optimum activity at 35°C. The activity was 19, 35.29 and 42.15 Δ430ODx103/min/mg protein at 15, 25 and 

35°C, respectively. At 40 and 50°C, the activity decreased only by 7 and 25.6%, respectively as compared to that 

of optimum temperature. The activity showed dramatic changes when the temperature of the reaction mixture 

was>50°C. 

 

Fig. (2): Optimum pH conditions for peroxidases activity of the locust, S. gregaria haemolymph. The 

reaction time was 10 min at 35°C. 
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Fig. (3): Thermostability of the haemolymph peroxidases of the 4th nymphal instar of the locust, S. 

gregaria after incubation at the indicated temperature for 30 min at pH 6. 
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Fig. (4): Optimum thermal conditions for peroxidases activity of the locust, S. gregaria haemolymph. 

The reaction time was 10 min at pH 6. 

 

It is known that any salts or detergents that may be introduced during extraction or purification could 

be potentially inhibit or activate the enzyme.  The results in the present work revealed that the response of 

peroxidases to be inhibited or activated was varied and depend on the compound that incubated with the 

enzyme prior to the initiation of the reaction. The activation effect of ascorbic acid and CuSO4 was observed        

for peroxidases from Malva neglecta when incubated with copper compounds such as CuCl3 [11]. The activation 

was probably due to the ability of these ions to form symmetrical compounds known as octahedral [12].    

 Ascorbic acid found to activate locust peroxidases. Peroxidases reduce H2O2 to water while oxidizing 

a variety of substrates, thus peroxidases are oxidoreductases which use H2O2 as an electron receptor for 

catalyzing different oxidative reactions. A variety of election donors are used, including phenols and enediols 

like ascorbic acid.  

 The results showed that EDTA as a chelating agent significantly inhibited S. gregaria peroxidases. This 

confirms that peroxidases system is metalloenzyme in which iron constitute an important part for the enzyme 

activity. EDTA works by drawing Fe+2 exist in the active site and form complexes lead to inhibition of enzyme 

activity [13]. NaN3 inhibit peroxidases only at conc. 10-1 M. NaN3 also inhibits horseradish peroxidases. This 

might due to the ability of NaN3 to denature the enzyme. The results agreed with many studies of effects of 

reduction and denaturation materials on enzymes [14]; [15]. 

 The oxidation of O-phenylenediamine by locust 4th nymphal instar peroxidases as show in the present 

study, was affected by temperature or pH values with respect to peroxidases stability or optimum conditions. 

Effect of hydrogen ion concentration on peroxidases catalytic activity was more pronounced in alkaline media. 

Alkalinity gets peroxidases to lose their activity than do acidic media. On the other hand, the optimal pH of 

locust peroxidases was slight acidic (pH=6). Locust peroxidases resemble plant peroxidases in the effect of pH 

on activity and stability of the enzyme. [14] showed that the optimum pH of peroxidases purified from 
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Helimthus tuberosus ranging between 5 and 6. The effect of pH on enzyme stability is due to the effect of pH on 

enzyme structure which leads to denaturation of enzyme molecules or change in the ionic state of the active 

sites, also pH affects secondary or tertiary structure of the enzyme that lead to losing activity in buffers that for 

away from optimum pH [16].  

 Peroxidases are considered to be less thermostable as compared to some of other systems. The 

enzyme, in the present paper lost its major activity when incubated at temperatures above 50°C. Also, locust 

peroxidases had a relatively moderate optimal temperature (35°C). [17] found that phenoloxidases from the 

tomato leafminer, Tuta absoluta had optimal temperature of 35°C. Peroxidases purified from Litchi pericarp had 

the highest activity when incubated 40°C for 10 min. above this temperature, peroxidases activity decreased by 

58.5 and 76.6% at 60 and 70°C, respectively, as compared to optimum conditions [18]. There are some enzyme 

systems such as esterases that withstand temperatures up to 100°C for 30 min without losing esteriolytic 

activity in Triatoma infestans [19]. The difference in thermostability of enzymes depend on many factors such as 

the type of substrate, molecular weight of the enzyme, enzyme source and the type of isozymes because acidic 

isozymes resist high degrees of temperature as compared to alkaline ones [20].                               

      It is likely, to take into consideration during studying of peroxidases that this system is sensitive to 

high temperature, alkalinity of the medium, and the presence of some salts, the situation that might effects 

locust peroxidases catalysis.  
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