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ABSTRACT:  

The aim of present study was to investigate the kinetic properties of acid phosphatase extracted from liver of Clarias 
gariepinus. The activity of acid phosphatase was determined biochemically by using p-Notrophenol as standard and p-

nitrophenyl phosphate as substrate. The effect of pH, temperature, time and substrate concentration was studied by 

exposing the enzyme to the range of pH from 3.37 to 6.5, temperature ranging from 300C to 600C, time ranging from 10 to 
80 min, and substrate ranging from 0.8 mM to 4.0 mM, however the range of enzyme concentration from 20 µl to 120 µl 
was used for studying the effect of enzyme concentration on reaction velocity. The enzyme was found to have maximum 
velocity at temperature 400C and pH 5.0, however its activity increased with increase in time and enzyme concentration. 

The increased in substrate concentration increases enzyme activity and found to stabilize at certain extent and it was 
considered to be Vmax. The Vmax and Km values were found to be 131.57 µg/g wt. and 8.64 mM of kidney from resulted 
graph.  
Key words: - Clarias gariepinus, Liver, Acid phosphatase, kinetics, catfish.  

 

INTRODUCTION: 

The African Catfish Claries gariepinus belonging to 

family Clariidae is resistant to muddy water and 

disease and can survive in less aquatic oxygen 

condition and desiccation (Bok and Jongbloed, 

1984) as well as it is raised in high densities 

(Omoergie et al., 1994). The lysosomes are the 

membrane-limited subcellular organelles that 

contain acid hydrolases (de Duve et al., 1966, 

Bainton, 1981). These organelles contain about 70 

different types of acid hydrolases (Dean et al, 1976, 

Barett et al., 1977). The cellular acid phosphatase 

activity is concentrated in this sub-cellular 

organelle (de Duve et al., 1966, Bainton, 1981). 

Acid phosphatase (EC 3.1.3.2) is a lysosomal 

enzyme that catalyze the  hydrolysis of various 

phosphomonoesters in an acidic pH to release an 

inorganic phosphate (Vincent et al., 1992; Miteva et 

al., 2010). These are ubiquitous enzyme and 

present in fungi (Leitao et al., 2010), protozoa 

(Amlabu et al., 2009), plants (Demir et al., 2004, 

Tabaldi et al., 2008, Kaida et al., 2008) and animals 

(Sazmand et al., 2011, Siddiqua et al., 2008, 

Stubberud et al., 2000). The inorganic phosphate, 

release in hydrolysis of phosphate monoesters, is 

very important in plants and animal tissues which 

is linked to many biological processes such as 

cellular signal transduction pathway and energy 

metabolism (Shan, 2002). Multiple forms of acid 

phosphatase are frequently occur (Fujimoto et al., 

1984) and can be differentiated according to 

structural, catalytic, tissue distribution and 

localization (Suter et al., 2001). The acid 

phosphatase from Labio rohita (Siddiqua et al., 

2008) and Aspergillus niger (Jain et al., 2013) has 

been purified and characterized from Locust (Naqvi 

et al., 1967). 

Up to now there are no references reporting kinetic 

study in acid phosphatase in Clarias, therefore in 

present study, we focus on some physic-chemical 

and kinetic properties of acid phosphatase in liver 

extract from Clarias gariepinus.     

  

MATERIAL AND METHODS :-  

Healthy and matured male fish with a weight of 

232 gm. was purchased from main fish market in 

Bengali Camp, Chandrapur. The fish was 

acclimatized to laboratory conditions in the 

aquarium tank for fifteen days and then use for 

further experiment. The aquarium tank was 

covered with mosquito net to prevent the fish from 

jumping out. The water in the tank was replaced 
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every 48 hr. in order to maintained a healthy 

environment to fish. The fish was fed with standard 

feed containing protein once in day ad libitum. A 

substrate, p- nitrophenyl phosphate, was used, 

along with sodium acetate, glacial acetic acid, 

sodium chloride, sodium hydroxide were purchased 

from HiMedia, Pvt. Ltd. Mumbai. 

The fish was decapitated and liver dissected out 

and washed in distilled water to remove traces of 

blood. The liver was macerated and homogenized 

using ice cold 0.01M PBS, pH 7.45 to obtain 10% 

(w/v) homogenate. The homogenate was 

centrifuged for 20 min. at 5000 rpm and the 

supernatant was used for enzymatic assay. 

To study the effect of pH, temperature, time and 

substrate concentration, the enzyme was exposed 

to the range of pH from 3.37 to 6.5, temperature 

ranging from 300C to 600C, time ranging from 10 to 

80 min, and substrate ranging from 0.8 mM to 4.0 

mM respectively, however the range of enzyme 

concentration from 20 µl to 120 µl was used for 

effect of enzyme concentration on reaction velocity. 

The enzyme activity was determined in a final 

volume of 1.7 ml, containing 0.01M acetate buffer 

pH 5.0. To study temperature, time and enzyme 

concentration, 1mM (0.001M) substrate prepared in 

acetate buffer (0.01M, pH 5.0) was used. However, 

substrate of the same molar concentration 

prepared in 0.01M acetate buffer with varying 

range of pH from 3.37 to 6.5 was used for studying 

the effect of pH on hydrolytic activity. 

The ACP activity was determined by taking 0.1 ml 

substrate (1 mM p-nitrophenyl-phosphate) solution 

in test tube followed by incubation for 5 min. at 

380C. Later 0.1 ml liver extract of C. gariepinus was 

added to the mixture and homogenate the reaction 

mixture and then 1.5 ml acetate buffer (0.01 M, 

pH-5.0) was added to the reaction mixture and 

incubation was carried out for 45 minutes, except 

for studying the effect of temperature. At the end of 

incubation, the reaction was terminated by adding 

8.3 ml 0.085 N NaOH. The amount of p-nitrophnol 

released, in terms of intensity of color developed, 

was measured by spectrophotometer at wavelength 

405 nm. The concentration of p-NP was estimated 

by interpolating from standard curve. 

For substrate kinetic analysis, the concentration of 

substrate was varied over the range of 0.8 mM to 

4.0 mM prepared in acetate buffer (0.01 M, pH-5.0). 

Km and Vmax was calculated from Lineweaver-

Burk Plot (double reciprocal plot) by using the 

inverse values of substrate concentration and 

respective reaction velocity. The effect of enzyme 

concentration was studied by using subsequent 

increasing concentration of 10% stock tissue 

extract.  

 

RESULTS AND DISCUSSION 

 

The enzyme activity is affected by some physico-

chemical parameters such as pH, Temperature, 

Time, Enzyme and substrate concentration. 

Effect of pH:  

The hydrolysis of substrate (1mM p-Nitrophenyl 

phosphate) was carried out at pH ranging from 

3.37-6.5 at 380C for 45 minutes. The hepatic acid 

phosphatase activity was observed to be increases 

with increase in pH of 0.01M acetate buffer up to 

5.0 (15.64±0.37 µg/gm wt.) and then decreases up 

to pH 6.5 continuously. It indicates that the 

optimum pH for hepatic ACP is 5.0.(Fig.1). 

Effect of Temperature 

After exposing the hepatic acid phosphatase 

reaction mixture to varying range of temperature 

from 30-600C, acid phosphatase showed 

remarkable changes in its hydrolytic activity. The 

reaction velocity increases from 300Cand found to 

be maximum at 400C (16.57±0.13µg/gm. wt.) and 

thereafter significantly decreases upto 600C.(Fig.2) 

Effect of Time 

 The hepatic acid phosphatase reaction velocity 

increases gradually with increase in period of 

incubation from 10 to 40 minutes and shows 

slightly increase further upto 80 minutes. It 

indicates the enzymatic reaction velocity increases 

with corresponding increase in time of incubation of 

enzymatic reaction.(Fig.3)  

Effect of enzyme concentration  

The rate of enzymatic reaction was observed to be 

influenced by the corresponding concentration of 

enzyme. The release of phenol group as a product 

in acid phosphatase reaction increases with 

gradual increase in enzyme concentration from 20µl 

to 120µl.(Fig.4) 

Effect of substrate concentration 

The effect of substrate concentration on acid 

phosphatase activity was studied to observe the 

inhibitory action of substrate concentration on the 

rate of reaction. The rate of reaction increases with 

increase in substrate concentration from 0.8mM to 

4.0mM up on 45 minutes of incubation at 380C and 

pH 5.0. The minimum velocity was observed at 

0.8mM and maximum at 4.0mM substrate 

concentration.(Fig.5) 

From the regression equation obtained from 

Lineweaver-Burk double reciprocal plot by 
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considering the inverse values of substrate 

concentration against reaction velocity, the Vmax 

and Km were calculated. It was observed that the 

straight line intercepts the Y-axis and gave the 

value 0.0076µg/gm and X-intercept gave the value -

0.11mM-1. However, the corresponding Vmax and 

Km were calculated to be 131.57 µg/gm and 8.64 

mM respectively.(Fig.6) 

In present study the some physicochemical 

parameters and kinetics of acid phosphatase was 

studied. In invertebrate, on the basis of molecular 

weight, three types of acid phosphatase reported 

(Saeed et al., 1990; Naz et al., 2001). The kinetics of 

acid phosphatase have studied in yeast (Vasileva-

Tonkova et al., 1993), in insect (Naqvi et al., 1968), 

in fish (Siddiqua et al., 2012), in bacteria and 

plants (Tazisong et al., 2015). The acid phosphatase 

exhibits differences in molecular weight, such as 

high molecular weight ACP (80-200 kDa) in the 

lysosome and intermediate molecular weight ACP 

(30-50 kDa) in mitochondria of some mammalian 

tissues such as kidney while low molecular weight 

ACP (10-30 kDa) in cytosol fraction of cell (Naz et 

al., 2006). These differences in molecular weight 

lead to isoforms that hydrolyses different 

phosphomonoesters   and thus can displayed 

variations in kinetic properties. 

The optimum pH value for enzyme may be different 

in different tissues of biological system due to 

differences in molecular weight and consequently 

amino acid sequence in protein. Siddiqua et al., 

(2012) have reported pH 5.0 in liver of Rohu fish, 

Naqvi et al., (1968) recorded optimum pH 4.4 in 

digestive system of Locust while Vasileva-Tonkova 

et al., (1993) reported maximum activity at pH 5.8 

in yeast ACP. The maximal hydrolysis of substrate 

was reported at pH 5.0 by wheat germ acid 

phosphatase and pH 6.0 and pH 5.0 by sweet 

potato and potato acid phosphatase respectively 

(Tazisong et al., 2015). In present study the 

maximal hydrolysis of substrate by hepatic ACP of 

Clarias gariepinus was 5.0.  

Enzymes are proteins, whose three dimensional 

structure are stabilized by weak forces, and hence 

they are disrupted at high temperatures (Saidu et 

al., 2005). The optimum temperature for enzyme 

activity was recorded to be 400C for hepatic ACP in 

the present investigation. This result have in 

agreement with the findings of Siddiqua et al., 

(2012) in Rohu fish liver and Naqvi et al., (1968) in 

desert Locust, whereas Tazisong et al., (2015) 

reported maximum activity of ACP at 500C from 

wheat germ, 600C from potato and 700C from sweet 

potato, however, Vasileva-Tonkova et al., (1993) 

reported temperature optima 550C in yeast. The 

variation in optimum temperature of ACP in 

different biological tissues might be due to 

differences in activation energy that outcome of 

structural variation owing to differences in 

molecular weight.  

The rate enzymatic hydrolysis is influenced by the 

period of incubation of enzyme-substrate mixture. 

In the present investigation, the rate of hepatic ACP 

reaction was observed to be increases with gradual 

increase in time of incubation at constant pH, 

temperature, and enzyme and substrate 

concentration. The increased enzymatic activity 

with corresponding increase in exposure time might 

be due to increase in an interaction between the 

substrate and enzyme (Chilke, 2018).  

The gradual increase in enzyme activity with 

corresponding increase in enzyme concentration 

was recorded in the present investigation. The 

gradual increase in the enzyme activity might be 

consequence of increase in binding competition of 

the enzymes with the substrate. The same result 

was noticed about substrate concentration. 

The rate of hydrolysis, catalytic efficiency and 

optimal pH of ACP and ALP may depend on enzyme 

sources and stereochemical or stereoisomeric 

structure of the substrates and these enzymes do 

exhibit a broad range of substrate hydrolysis 

(Tazisong et al., 2015). This enzyme shows variation 

in reaction kinetics (Vmax and Km) values with 

different substrates and enzyme source. It was 

observed that the enzymatic reaction velocity 

increases with corresponding increase in substrate 

concentration. The Vmax was found to be 131.57 

µg/g wt. The Km for p-nitrophenyl phosphate was 

calculated to be 8.64 mM, however, Siddiqua et al., 

(2012) reported 0.25 mM in Rohu fish liver 

indicating that ACP from Rohu fish liver have 

higher affinity for p-nitrophenyl phosphate than 

Clarias gariepinus liver. This is due to nature and 

source of enzyme.   
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Fig.1- Effect of pH on Acid phosphatase in Liver of C. gariepinus 
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Fig.2- Effect of Temperature on Acid phosphatase in Liver of C. gariepinus 

 

Fig.3-Effect of Time on Acid phosphatase in Liver of C. gariepinus 

 

Fig.4- Effect of Enzyme concentration on Acid phosphatase in Liver of C. gariepinus 
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Fig.5- Effect of Substrate concentration on Acid phosphatase in Liver of C. gariepinus 

 

Fig.6- Lineweaver-Burk double reciprocal plot of 1/v versus 1/s showing straight line 

intercepting Y-axis giving the value 0.0076 µg/g wt. and the X-intercept -0.11 mM-1 with Vmax 

131.57 µg/g wt. and Km 8.64 mM at pH 5.0 and temperature 380 C.  
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