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--------------------------------------------------------Abstract-------------------------------------------------------- 

Alkaline phosphatase (EC 3.1.3.1) is an enzyme that catalyzes hydrolysis of phosphate ester bonds in 

extracellular organic molecules, enabling the availability of inorganic phosphate (Pi) for cellular metabolism. 

This study was therefore aimed at determining the activities of alkaline phosphatases (ALP) in producing and 
supplying inorganic phosphate for the various biochemical processes that require it during ripening in seeds of 

D. edulis (African Pear). The purification and characterization of these phosphohydrolytic enzymes in the seed 

was also carried out. The study revealed that the protein concentration ranged from 11.18± 0.053 mg/ml to 

2.235 ± 0.015mg/ml and ALP activity was highest on the seventh day when the fruit is fully ripe. Enzyme activity 

ranged from 1577.80 ± 108.10U/I to 5480.440 ± 10.61U/I. The activities of alkaline phosphatase was activated 

by Mg2+, Mn2+, Ca2+
 and inhibited by EDTA and fluoro oxalate in a concentration dependent manner. 

Dacryodes edulis seeds alkaline phosphatase had a Km and Vmax of 1. 80mM, and 1.52µmol/min/ml 

respectively, with an optimum pH of 10 and optimum temperature of 40oC. This seeds could serve as a source of 

alkaline Phosphate (ALP) enzyme production. 
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I. INTRODUCTION 
Alkaline phosphatases are enzymes that catalyze the hydrolysis of phosphate ester bonds in 

extracellular organic molecules, permitting the cellular uptake of inorganic phosphate (Pi) for metabolism. ALPs 

are the best characterized extracellular phosphatases. Their properties include low substrate specificity and an 

alkaline pH optimum. The active site of most ALPs contains a single Mg and two Zn atoms (Coleman 1992). 

Many phytoplanktons, such as diatoms, dinoflagellates, green algae, cyanobacteria, and coccolithophores 

express ALP under P-limitation (Riegman et al. 2000, Kruskopf and Du Plessis 2004). Alkaline phosphatases in 

plants play a major role in the supply and metabolism of inorganic phosphate for the maintenance of cellular 

metabolism (Tabaldi et al., 2007; Mishra and Dubey, 2008).  

 

Alkaline phosphatases are a group of enzymes found primarily in the liver (isoenzyme ALP-1) and 

bone (isoenzyme ALP-2) (Coleman 1992).  There are also small amount produced by cells lining the intestines 

(isoenzyme ALP-3), the placenta and the kidney (in the proximal convoluted tubules) (Coleman 1992).  What is 
measured in the blood is the total amount of alkaline phosphatases released from these tissues into the blood. 

Alkaline phosphatases act by splitting off phosphorus (an acidic mineral) creating an alkaline pH. The primary 

importance of measuring alkaline phosphatase is to check the possibility of bone disease or liver diseases 

(Coleman 1992). 

 

EDTA and Fluoro acetate are very good inhibitors of this enzyme, Mishra and Dubey (2008) also 

reported the inhibitory effect of Arsenite (As2O3) on the activities of acid and alkaline phosphatases in rice 

(Oryza sativa L.) seedlings, which resulted in a decline in the level of the phosphate pool. LePS2 gene encodes 

acid phosphatase in tomato (Lycopersicon esculentum) and it was induced in tomato plant in the absence of 

inorganic phosphatase (Baldwin et al., 2001). The addition of a phosphate group may activate or de-activate an 

enzyme (e.g., kinase signalling pathways) (Seger and Krebs, 1995), or enable a protein-protein interaction to 

occur (e.g., SH3 domains) (Ladbury, 2007); therefore phosphatases are integral to many signal transduction 

http://en.wikipedia.org/wiki/Signal_transduction
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pathways. A common phosphatase in many organisms is alkaline phosphatase, although, there is also an acid 

phosphatase.  

 
African pear (Dacryodes edulis) also known as African plum or safou is an indigenous fruit tree in the 

humid lowlands and plateau regions of West, Central African and Gulf of Guinea countries. In south-east 

Nigeria, the trees are grown around homesteads and flowering takes place from January to April. The major 

fruiting season is between May and October (Emebiri and Nwufo, 1990; Kengue and Nyagatchou, 1990).  The 

Fruits are ellipsoidal and their size varies approximately from 4 - 9 cm long and from 2 - 5 cm wide. They could 

be an important source of pulp oil, seed oil and even whole fruit oil (Awono et al., 2002). It has been advocated 

that The Safou oil should take its place in the food industry, the pharmaceutical and the cosmetics industry 

(soap, perfume, creams) as well as in other branches of industry where fat raw materials are needed. The cake 

remaining after the production of pulp oil may be useful in human food industry (bakery, baby foods). 

Information on the consumption and composition of Safou not totally complete. As the fruit becomes more 

popular and is increasingly commercialized, such information is indispensable for proper valorization of the 
fruit. The seed of the African pear are usually not fully utilized and they seem to be the waste product in this 

plant since the skin and pulp are usually consumed. Hence, this study was carried out to investigate the 

utilization of the seed for the purpose of industrial production of enzyme. 

 

II. MATERIALS AND METHOD 
 25 pieces of unripe samples of African pear fruit were purchased from Iyana- Iba market, in Ojo area 

of Lagos state, Nigeria, RANDOX alkaline phosphatase kits produced by RANDOX Laboratories Ltd., Biuret 

reagent, Sodium hydroxide, Magnesium chloride (MgCl2), distilled water, Tris–HCl buffer, phosphate buffer. 

All other reagents were of high quality and purity. 

 

2.1 ENZYME EXTRACTION  

5.0g of seed sample were ground in a chilled mortar with acid - washed sand and 20 ml of chilled 0.05 

M sodium carbonate buffer (PH 10). The homogenate was filtered through double layers of cheesecloth and 

centrifuged at 20, 000g for 20 min. The supernatant was used as the source of the crude enzyme (Agoreyo, 

2010). 

 

2.2 PROTEIN DETERMINATION 

Protein concentration of crude enzyme was determined using Biuret method (Layne, 1957). 1.0 ml of 

the homogenate was mixed with 3.0 ml of Biuret reagent and incubated for 10 min at 37ºC. Absorbance was 

taken at 540 nm.  

 

2.3 DETERMINATION OF ALP ACTIVITY             

Alkaline phosphatase activity was determined by a modified method of Bowers and McCom (Bowers 

and McComb, 1996) the method involves the incubation of 0.1 ml of seed homogenate with 80mM Tris-HCl 

buffer (pH 10.4), 0.5 ml p-nitrophenyl phosphate (PNPP, 10 mmol/L) at 37ºC for 30 min. The reaction was 

terminated by adding 5.0 ml of 2 mM NaOH after which absorbance was taken at 405 nm against reagent blank. 

Then the activity of each tissue homogenate was calculated by the formulae: 2760× ∆A 405 nm  

 

2.4 EFFECT OF METAL IONS  
Mg, Mn and Ca were used for this assay. Five test tubes were used which contain the metal ion. A 

range of 0.1 to 1.5 mol/l of different metal concentration was added to 0.1 ml of seed homogenate in the test 

tubes and 0.1 ml 80 mM Tris-HCl buffer, (pH 10.4) and 2.0 ml of p-nitrophenylphosphate was added to it. The 
reaction mixtures were incubated for 30 mins at 37ºC after which 5 ml of 0.02 M NaOH was added and the 

corresponding absorbance was read at 405 nm against blank.  

 

2.5 EFFECT OF EDTA AND FLUORO OXALATE 

The effect of EDTA and Fluoro-oxalate was investigated. EDTA was used for this assay. A range of 

5.0 to 30.0 mmol/L of EDTA concentration was added to 0.1ml of seed homogenate in the test tubes and 0.1 ml 

80mM Tris-HCl buffer, (pH 10.4) and 2.0 ml of p-nitrophenylphosphate was added to it. The reaction mixtures 

were incubated for 30 mins at 37ºC after which 5 ml of 0.02 M NaOH was added and the corresponding 

absorbance was read at 405 nm. Same approach was done for fluoro oxalate, a range of 5.0 to 30.0 mmol/L of 

Fluoro oxalate concentration was added to 0.1ml of seed homogenate in the test tubes and 0.1 ml 80mM Tris-

HCl buffer, (pH 10.4) and 2.0 ml of p-nitrophenylphosphate was added to it.  

The reaction mixtures were incubated for 30 mins at 37ºC after which 5 ml of 0.02 M NaOH was added 
and the corresponding absorbance was read at 405 nm  EFFECT OF pH The reaction tubes contain 2.0 ml of p-
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nitrophenylphosphate and 0.1 ml of seed homogenate in phosphate buffer of pH range of between 7.0 and 11.0. 

The reaction mixtures were incubated for 30 min at 37ºC after which 5 ml of 0.02 M NaOH was added and the 

corresponding absorbance was read at 405 nm. 

 

2.6 EFFECT OF TEMPERATURE 

The reaction tubes contain 2.0 ml of p-nitrophenylphosphate and 0.1 ml of seed homogenate and 0.1 ml 

80 mM Tris-HCl buffer, (pH 10.4). The reaction tubes were incubated at a temperature range of between 20ºC 

and 50ºC for 30min after which 5 ml of 0.02 M NaOH was added and the corresponding absorbance was read at 

405 nm.DETERMINATION OF KM and VMax A range of 0.5 - 3.0 ml of p-nitrophenylphosphate, PNPP was 

used. 0.5 ml, 1.0 ml, 1.5 2.0ml, 2.5ml and 3.0 ml of 80 mM Tris-HCl buffer, (pH 10.4) was added and then 2.5 

ml, 2.0 ml, 1.5 ml, 1.0 ml, 0.5ml and 0.0 ml of p-nitrophenylphosphate (10 mmol/L), was added to start the 

reaction. The reaction mixtures were incubated for 10 min at 37∘C after which 5.0 ml of 0.02 M NaOH was 

added and the corresponding absorbance was taken at 405 nm. The concentration of the p-nitrophenylphosphate 

was calculated and a graph of reciprocal of absorbance against concentration of the substrate was plotted to 
obtain the KM and Vmax.. 

 

III. RESULTS 
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Figure 1 (A) Protein concentration in African pear seed during ripening (B) Alkaline phosphatases 

activity in African pear seed during ripening. 
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Figure 2: (A) Effect of Calcium, (B) Magnesium and Manganese ion on alkaline phosphatase activity in 

African pear seed  
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Figure 3: (A) Effect of EDTA and (B) Fluoro oxalate on alkaline phosphatases activity in African pear 

seed 
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Figure 4: (A) Effect of pH and (B) Temperature on alkaline phosphatases activity in African pear seed  

-4 -2 2 4

-4

-2

2

4

[V]
-1

 (
mo

l/m
in/

ml
)

[S]-1(mM)

 
        Vmax= 1. 52µmol/min/ml ,          Km= 1. 80mM,         Slope= 0.846 

 

Figure 5: Double reciprocal plot of absorbance against substrate concentration of African Pear 
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IV. DISCUSSION 
Alkaline phosphatase was isolated, purified and characterized from seeds of African pear (Dacryodes 

edulis). It was observed that there is a progressive increase in the total protein level as the fruit ripens. The 

highest concentration of protein was observed at day seven when the fruit was fully ripped and softens which 

gave the highest concentration which was 11.181 ± 0.053mg/g. According to Agoreyo, 2010, during fruit 

ripening, peel colour has been reported to be an important characteristic which often serves as one of the major 

criteria used to determine whether a fruit is ripe or unripe (Williams, 2002).  

 

There is a significant increase in the enzyme activity as the ripening progresses, with the highest 

activity of 1577.440 ± 10.610 U/I gotten on day 7 and the lowest activity of 1577.800 ± 108.103 U/I on day 1. 

Alkaline phosphatase can hydrolyze phosphate bound to cell surface phosphoproteins and in this way, it may 

modulate their biological activities (Scheibe et al., 2000). The increase observed in this study may be an 
indication that the organic phosphate in the seeds is hydrolyzed (Agoreyo, 2010). Alkaline phosphatase is a 

divalent metalloenzymes which requires Mg2+ for its activity, absence of this divalent metal has been seen to 

lower the alkaline phosphatase activity in serum and several cellular tissues from experimental animals 

(Loveless et al., 1989).   The effect of magnesium ion on alkaline phosphatase activity in African pear seed in 

figure 2b shows that there is a strong activation of the enzyme at a concentration of 0.5 to about 1.5mM but a 

sharp decrease in the enzyme action at 2.0mM, which show that a divalent metal like magnesium activates the 

enzyme. This result is similar to that of Raimi et al., 2011 in which the activity of ALP is inhibited at a high 

concentration that is concentration that is higher than 0.8mM of metal such as magnesium Metals such as Mn2+, 

Cd2+ has unstable inhibitory effect on ALP (Raimi et al., 2011), this trend was observed in the activities of Mn2+ 

and Ca2+ used in this study as seen in figure 2a and b, there is a strong activation of the enzyme at a 

concentration of 0.5 to about 1.5mM but a sharp increase in the enzyme inhibition at 2.0mM.  
 

 There is a strong activation of the enzyme at a concentration of 0.5 to about 1.5mM and a peak activity 

at concentration at 1.0mM with a decrease in the enzyme  and inhibitory activity at 2.0mM, this corroborate the 

work of previous researchers like Moss et al., 1985; and Raimi et al., 2011. There is a concentration dependent 

inhibition of the enzyme activity, as depicted in figure 3a and b, the higher the concentration of EDTA or fluoro 

oxalate the higher the inhibitory action of the enzyme, the concentration of 30mM has the highest inhibition on 

the enzyme activity. In figure 4a and b, The optimal pH of ALP from African pear seed was observed to be pH 

10, which is an alkaline pH and its optimal temperature was 40oC, but the enzyme is optimally stable at 

temperature of 20-40oC after which the enzyme starts losing its activities.At a constant enzyme concentration, 

the kinetics of the enzyme was defined by Michaelis- Menten; the Km and Vmax   of African pear seeds alkaline 

phosphatase was estimated to be 1. 80mM and 1. 52µmol/min/ml respectively (figure 5).  

 

V. CONCLUSION 
The results of this study suggest that alkaline phosphatase activity is highest on the seventh day when 

the fruit is fully ripped.  The activities of alkaline phosphatase is activated by Mg2+, Mn2+, Ca2+
 and inhibited by 

EDTA and fluoro oxalate. The alkaline phosphatase has a Km and Vmax of 1. 80mM and 1. 52µmol/min/mL 

respectively. The ALP from seeds of African pear has an optimum pH of 10 and optimum temperature of 40oC 

as the above results depicts. Hence the potential of the seed as an industrial source of enzyme should be fully 

exploited. 
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