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ABSTRACT 

The time course for the production of acid phosphatase and -

galactosidase in starved E. coli was investigated. E. coli cells were 

starved by growing the cells in basic medium containing 2% 

glycerol. -galactosidase production was induced by 0.002M 

lactose. Acid phosphatase and -galactosidase activities were 

assayed using PNPP and ONPG respectively. Time course kinetics 

was monitored every hour for nine hours and solid (NH4)2SO4 was 

used to precipitate the two enzymes at 30-55% and 20-35% 

respectively. SDS-PAGE of the crude and (NH4)2SO4 of partially 

purified enzymes was also carried out. Results revealed no 

correlation in terms of the time course kinetics between the two 

enzymes. However, the two enzymes belong to the same group of 

proteins that can be precipitated by (NH4)2SO4. 
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INTRODUCTION  

Acid phosphatase (E.C. 3.1.3.2) belongs to a group of enzymes that hydrolyze 

phosphoric acid monoesters into a phosphate ion and a molecule with a free 

hydroxyl group. Protein phosphorylation and dephosphorylation is an important 

phenomenon in cellular metabolism (Bingham and Garver 1990). The action of 

phosphatases is directly opposite to that of phosphorylases and kinases, which 

attach phosphate groups to their substrates by using energetic molecules like ATP. 

Phosphatases are classified into two: cysteine-dependent phosphatases and 

metallo-phosphatases (Barford, 1996). Phosphatases are integral to many signal 

transduction pathway because addition of a phosphate group may activate or 
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deactivate an enzyme or enable a protein-protein interaction to occur (Ladbury 

2007). The study of acid phosphatase is difficult because of their multiform 

occurrence in organisms, relative – non specificity, small quantity and instability in 

dilute solution (Tso and Chen, 2007).  

 

The enzymatic hydrolysis of lactose to glucose and galactose with -galactosidase 

is one of the most ancient biotechnological processes known. The microorganisms 

usually associated with -galactosidase high production is the Escherichia coli, 
Bacillus megaterium. E. coli -galactosidase is an inducible enzyme that is 

synthesized in the cell only when an inducer or signal is present in the cell. Cells 

that are deficient in lactose do not synthesize -galactosidase, but in a medium 

containing lactose, synthesis of -galactosidase is done within minutes, enabling the 

cells to use lactose as a carbon source and energy for growth (Martin et al; 2000).  

 

The improvement of -galactosidase downstream processing from its microbial 

source would be desirable to reduce the cost of enzyme preparation, since 

extraction, purification and concentration steps are commonly responsible for up to 

40% of total production cost (Kula, 1990). 

 

The ability of -galactosidase to hydrolyze lactose into galactose and glucose is 

applied in food and particularly in the field of dairy products because of nutritional 

(lactose intolerance), technological (crystallization) and environmental (pollution) 

problems associated with lactose (Triveni, 1975).  

 

This study is aimed at examining the relationship between the time course for the 

production of acid phosphatase and -galactosidase in starved E. coli cells.  

 

MATERIALS AND METHODS  

Materials  

P-nitrophenyl phosphate (PNPP) and O. Nitrophenyl--galactoside ONPG were 

purchased from Sigma Chemical Company, St. Louis, U.S.A. E. coli cells were 

obtained from the culture stock of Microbiology Department, Ahmadu Bello 

University, Zaria, Nigeria and Mac Conkey broth was from Fluka Chemical Company. 
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Growth of Starved E. coli cells 

E. coli cells were inoculated into 5ml Mac-Conkey broth containing 2% glycerol and 

shaken overnight at 370C in an incubator shaker at 200rpm. 2.5ml of the overnight 

culture was inoculated into 50ml of the MacConkey broth containing 2% glycerol. 

This made the cells now to be in the log phase of growth (Martin, 2000).  

 

Induction of Enzyme  

-galactosidase is an inducible enzyme, its production was induced by mixing 4ml of 

starved E. coli cells and 0.2ml of 0.002M lactose and shaken for 30minutes.  

 

Time Course Study  

Time course for the production of acid phosphatase and -galactosidase were 

monitored every hour for 9 hours. 

 

Ammonium Phosphate Precipitation  

Acid phosphatase: 20ml E. coli culture was precipitated at 30% and allowed to 

stand for sometimes. Sample was centrifuged at 10,000xg for 20min. the pellet 

discarded and more ammonium sulphate was added to the supernatant to obtain a 

concentration of 55%. The mixture then centrifuged for 20min at 10,000xg.  

 

The pellets were dissolved in 50ml homogenation solution and dialysed overnight 

against a 50mM acetate buffer pH 5.2 with three changes. The dialysate was 

electrophoretically analyzed with 12% SDS-PAGE. 

 

-galactosidase: -galactosidase was precipitated at 20-35% as described above 

using 0.1M phosphate buffer pH 7.2.  

 

SDS-PAGE 

This was carried out according to the method described by Laemmli (1970). 

 

Acid Phosphatase Assay  

Acid phosphatase activity was assayed in a 125l reaction mixture containing 20mM 

PNPP and 50mM sodium acetate, PH 5.5 at 370C. Reactions were initiated with the 

addition of enzyme and terminated by addition of 750l of 0.1M NaOH. The 

amount of P-nitrophenyl released was calculated using molar extinction coefficient 
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of 17,500M-1cm-1 at 400nm.one unit of enzyme activity is defined as the amount of 

enzyme that releases 1mol P-nitrophenol per minute under assay condition.  

 

-Galactosidase Assay 

-galactosidase activity was assayed in a 1050l reaction mixture containing 10mM 

ONPG and 100mM phosphate  buffer pH 7.2 at 370C. Reactions were initiated with 

the addition of enzyme and terminated by addition of 125l of 2M NaC03. The 

amount of ONP released was calculated using molar extinction coefficient of 

13,700M-1cm-1 at 420nm. One unit of enzyme activity is defined as the amount of 

enzyme that releases 1mol ONP per minute under assay conditions.  

 

Protein Determination  

Proteins were estimated by Biuret method (Henry et al., 1974). Bovine serum 

albumin was used as the standard.  

 

RESULTS AND DISCUSSION 

Fig. 1 and 2 showed the time course kinetics for the production of acid 

phosphatase and -galactosidase. Production rate for acid phosphatase was highest 

after 2hours of inoculation. Enzyme activity dropped and started picking up at the 

seventh hour. While the production rate for -galactosidase attained its peak 

after 8 hours well into the stationary phase. Dassa et al., 1982 reported a 

premature full induction of acid phosphatase production in E. coli cells starved of 

inorganic phosphate while synthesis of the enzyme was turned off in exponentially 

growing bacteria and started as soon as cultures entered the stationary phase.  

 

A summary of purification procedure is given in table 1, enzymes were purified by 

precipitation with (NH4)2SO4. Fig 3 and 4 showed the 12% SDS-PAGE of the crude 

and (NH4)2SO4 partially purified enzyme. The SDS-PAGE for the crude and 

(NH4)2SO4 precipitate of acid phosphatase and -galactosidase showed double and 

single bands respectively. This might suggest that the enzymes could be in the 

same group of proteins that can be precipitated by (NH4)2SO4. Overall, results 

suggest little or no correlation between the two enzymes. However, this is a 

preliminary study.  
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Figure 1: Time Course of Acid Phosphatase Production 

 

 

 
 

Figure 2: Time Course of -Galactosidase Production 
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Table 1:  (NH4)2SO4 Purification of E. Coli Acid Phosphatase and -Galactosidase 
Enzyme Fraction Volume (ml) Protein (mg/ml) Total Protein (mg) Activity 

mole/min 

Specific Activity 

mole/min/mg Protein 

Purification Fold % Yield 

Acid Phosphatase  Crude  
(NH4)2SO4 
30-55% 

52.5 
 
20 

4.84 
 
2.13 

254.1 
 
42.6 

0.083 
 
0.02 

0.017 
 
0.094 

1 
 
0.55 

100 
 
24.1 

-Galactosidase Crude  
(NH4)2SO4 
20-35% 

52.5 
 
20 

0.344 
 
0.231 

18.06 
 
4.6 

0.248 
 
0.22 

0.721 
 
0.954 

1 
 
1.32 

100 
 
88 
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Fig. 3: 12% SDS-PAGE Electrophoregram of Crude Acid Phosphatase Solution 

(1 & 2) and (NH4)2SO4 Purified Enzyme (3) 

 

 
 

Fig. 4: 12% SDS-PAGE Electrophoregram of Crude -Galactosidase  

Solution (1 & 2) and (NH4)2SO4 Purified Enzyme (3) 

1 2 3 

1 2 3 
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