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Optimization of metal salts concentration (screened by Placket–Burman design) was carried out 

for alkaline phosphatase production by a halotolerant facultative alkaliphile Bacillus flexus 

FPB17 through Response surface methodology. Eleven metal salts including NaCl, MgCl2, 

MnCl2, CaCl2, CoCl2, CuCl2, FeCl3, KCl, ZnCl2, NH4Cl and Pb(NO3)2 were screened using 

Placket–Burman design criterion. Four salts viz. CaCl2, MgCl2, KCl and NaCl showed 

significant effect (p < 0.05) on alkaline phosphatase production. The metal salt concentrations 

were optimized by Central Composite Design, the most suitable metal salt composition being 

CaCl2 – 0.05 g%; MgCl2 – 0.05 g%; KCl – 0.01 g% and NaCl – 0.5 g%. At these optimum 

levels of metal salts, 239.58 U/ml alkaline phosphatase was produced. Selection and 

optimization of metal salts by Response surface methodology resulted in 1.84-fold increased 

yields of alkaline phosphatase.  
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Introduction 
 

Alkaline phosphatases (ALPs; E.C.3.1.3.1) are nonspecific, 

phosphomonoesterases, exhibited by a wide variety of organisms (Simao et al., 

2007; Barbosa jr. et al., 2008). These hydrolyze a wide variety of phosphate 

esters and are crucial for survival of organisms to provide inorganic phosphate 

(Pi) nutrition for synthesis of nucleic acids, phosphorylated sugars and proteins, 

etc. (De Prada et al., 1996; Zappa et al., 2001).  

ALPs have been utilized in molecular biology primarily for 

dephosphorylation of 5’-phosphorylated DNA or RNA ends and the 

construction of recombinant DNA molecules. The other applications of ALP 
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include diagnostics by immunoassays (EIA), chemiluminescent immunoassays, 

and ALP-labeled nucleic probes / other probes for detection of hepatobiliary 

disease & several skeletal dysfunctions, inflammatory bowel disease therapy of 

lipopolysaccharide mediated diseases and studies of phosphoproteins (Deftos, 

1991; Christenson, 1997; Beumer et al., 2003). In the dairy industry, ALP 

activity is an indicator for adequate pasteurization of milk (Fenoll et al., 2002) 

and also used for the analysis of tannins in grapes and red wines (Adams and 

Harbertson, 1999). Chen et al., 1996 described the use of ALP in 

chemiluminescence-based biosensors for the determination of pesticides or 

heavy metals in water, particularly for organophosphorus pesticide. The use of 

ALP was also done in optical (Durrieu and Tran-Minh, 2002), amperometric 

(Mazzei et al., 2004), fluorimetric (Sanchez et al., 2004), colorimetric 

biosensors (Goh et al., 2005). ALP finds applications in efficient removal of 

phosphorus during wastewater treatment. ALPs are by far the most studied type 

in aquatic ecosystems and sewage sludge treatments (Jansson et al., 1988; 

Albiach et al., 2000; Anupama et al., 2008). Successful bioprecipitation of 

metals such as uranium and cadmium has been done through the phosphatases 

from naturally occurring bacteria (Macaskie et al., 2000). 

ALPs are metalloenzymes (Posen, 1967), and they are all inhibited by 

metal ion chelators such as EDTA (Aehle, 2007). They are classically 

considered to be Zn
+2

- and Mg
+2

- dependent enzymes, especially E. coli and 

mammalian ALPs (Kim and Wyckoff, 1989). However, activation following 

addition of Mn
+2

, Co
+2

, or other metal ions has already been observed among 

other ALPs (Yamashita et al., 1990; Mori et al., 1999). ALP from 

psychrophilic bacterium Bacillus sp. P9 also required the metal ions Mg
+2

, Ca
+2

 

and Zn
+2 

as activators (Dhaked et al., 2005). 

Effect of metal ions on the activity and kinetic properties of phosphatase 

have been reported by Flint and Hopton, 1977; Huang and Shindo, 2000. Banik 

and Pandey, 2009 checked the effect of different eight metal salts CaCl2, CoCl2, 

CuSO4, FeCl3, MgSO4, MnSO4, NaCl and Pb(NO3)2 on ALP production by 

Bacillus licheniformis by using Response surface methodology (RSM). RSM is 

advantageous over conventional methods available and it includes less 

experiment numbers, its suitability for multiple factor experiments and search 

for common relationship between various factors towards finding the most 

suitable production conditions for the bioprocess and forecast response (Kaur 

and Satyanarayana, 2005). 

The work described in this article deals with optimization of salts 

concentration for ALP production by Bacillus flexus FPB17. In this paper we 

had studied the effect of different eleven metal salts viz. NaCl, MgCl2, MnCl2, 

CaCl2, CoCl2, CuCl2, FeCl3, KCl, ZnCl2, NH4Cl and Pb(NO3)2 for secretion 
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and solubilization of ALP using Response surface methodology (RSM). The 

metal salts having significant effect on ALP production were selected by 

Placket–Burman Design and Central Composite Design (CCD) was used to 

optimize the concentration of the selected metal salts for the production of 

ALP. 

 

Materials and methods 
 

Culture and production medium conditions  
 

Bacillus flexus FPB17, the isolate from the sediment sample of an 

alkaline lake located in Bhilot village of Patan district, Gujarat, identified on 

the basis of 16S rRNA sequencing (sequence accession number JN415115 of 

NCBI GenBank), was maintained on Nutrient agar slants containing 1% 

peptone, 1% meat extract, 0.5% NaCl and 2% agar. Inoculum preparation and 

ALP production were studied out in Nutrient broth (N. broth) containing 1% 

peptone, 1% meat extract, 0.5% NaCl with initial pH 9.0. Inoculum was 

developed by transferring single colony from the grown culture in 25 ml N. 

broth in 100 ml Erlenmeyer flask, incubated on an orbital shaker at 35°C and 

120 rpm for 6 h was used to achieve optical density in the range of 0.8-1.2 at 

600 nm. 2% v/v inoculum was transferred to 50 ml of N. broth in 250 ml 

Erlenmeyer flask and incubated at 35°C, 140 rpm on an orbital shaker.  

 

Analysis of ALP 
 

ALP activity was measured spectrophotometrically in the form of Unit/ml 

(U/ml) by determining the release of p-nitrophenol (p-NP) from p-nitrophenyl 

phosphate disodium salt (p-NPP) at 400 nm (Garen and Levinthal, 1960; Zappa 

et al., 2001; Robert and Evan, 2003). 100 µl cell free supernatant was added to 

1000 µl of p-NPP solution (1.35 mM in 50 mM Tris-HCl buffer at pH 9.0) and 

the mixture was incubated at 35˚C for 10 min.  

One unit of enzyme activity is the amount of the ALP catalyzing the 

liberation of 1μmol of p-NP per min. 

 

Optimization of ALP production by Bacillus flexus FPB17 
 

The different metal salts and their levels were selected on the basis of 

experiments carried out by Banik and Pandey, 2009 who reported the selection 

and optimization of metal salts for ALP production by Bacillus licheniformis 

using RSM.  
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Effect of Salts on ALP production 
 

The concentration of NaCl in the range of 0-12% in N. broth was studied 

arbitrarily first. The selection of other significant metal salts with NaCl for 

production of ALP was done by using RSM, a statistics based design which 

was applied in two stages, first to identify the significant salts for production of 

ALP by using Placket–Burman Design criterion and later the significant salts 

deduced from Placket–Burman Design were optimized by using CCD. The 

experimental design and statistical analysis of the data were done by using 

Design Expert software package (version-8.0.6.1), Stat-Ease Inc., Minneapolis 

(MN). 

 

Placket–Burman Design 
 

Each variable was tested at two levels namely a high level denoted by 

(+1) and a low level denoted by (-1) as listed in Table 1. Eleven variables were 

screened by conducting twelve experiments and the experimental design was 

given in Table 2. All experiments were conducted in triplicate and the average 

value of ALP yield was used for statistical analysis. The variables, which were 

significant at 5% level (P < 0.05) from the regression analysis were considered 

to have greater impact on ALP production and were further optimized using 

CCD. 

 

Table 1. Level of metal salts studied for the production of ALP by FPB17 

using Placket– Burman design criterion 
 

Factor Name Units Minimum (-1) Maximum (+1) 

A NaCl g% 0.10 0.50 

B MgCl2 g% 0.01 0.05 

C MnCl2 g% 0.01 0.05 

D ZnCl2 g% 0.01 0.05 

E CoCl2 g% 0.01 0.05 

F CaCl2 g% 0.01 0.05 

G NH4Cl g% 0.01 0.05 

H KCl g% 0.01 0.05 

J CuCl2 g% 0.01 0.05 

K FeCl3 g% 0.01 0.05 

L Pb(NO3)2 g% 0.01 0.05 

 

 

 

 



Journal of Agricultural Technology 2013, Vol. 9(1): 81-93 

85 

 

Table 2. Placket–Burman design for study of effect of metal salts on the 

production of ALP by FPB17 
 

Run 

order 

A: 

 

B: 

 

C: 

 

D: 

 

E: 

 

F: 

 

G: 

 

H: 

 

J: 

 

K: 

 

L: 

 

1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

2 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 

3 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 

4 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 

5 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 

6 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 

7 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 

8 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 

9 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 

10 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 

11 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 

12 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 

where A = NaCl, B = MgCl2, C = MnCl2, D = ZnCl2, E = CoCl2, F = CaCl2, G = NH4Cl, H = 

KCl, J = CuCl2, K = FeCl3,  L = Pb(NO3)2 

 

Central Composite Design (CCD) 
 

CCD was applied to determine the optimum concentration of three most 

significant metal salts other than NaCl screened through Placket–Burman 

Design criterion. The design with six start points and six replicates at the 

central point, resulting in 20 experiments was generated by Design Expert, 

Version 8.0.6.1, as mentioned earlier. The levels of factors used for 

experimental design are given in Table 1 and the coded variables are calculated 

according to the equation 1 and the behavior of the system was explained by the 

following second order polynomial equation 2. Both the equations are given 

below: 

    
(     

 )

   
                                                           

       ∑  
 

    ∑   
 

       ∑     
                       

Where Y is the predicted response, Xi, Xj are input variables which influence 

the response variable Y; b0 is the offset term; bi is the i
th

 linear coefficient; bii is 

the i
th

 quadratic coefficient and bij is the ij
th

 interaction coefficient. Analysis of 

variance (ANOVA), regression analysis were done and contour plots were 

drawn by using Design Expert. 
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Results and discussions 
 

Effect of Sodium Chloride concentration on ALP production by Bacillus 

flexus 
 

Varying concentrations of NaCl in the range of 0-12 g% in N. broth were 

taken arbitrarily first to analyze their effect on extracellular ALP production. 

The maximum enzyme activity was 104.16 U/ml, obtained with 0.5 g% NaCl 

concentration. Further increase in NaCl inhibited the ALP production (Fig. 1). 

Bacillus flexus is reported to be generally halotolerant upto 12% NaCl 

concentration (Priest et al., 1988), but this FPB17 strain was an exception to 

this character as the growth drops drastically beyond 5% NaCl level indicating 

that FPB17 is halotolerant rather than a halophile. 

 

 

 
Fig. 1. Effect of NaCl concentration on ALP production by Bacillus flexus FPB17. 

 

Screening for significant metal salts using Placket–Burman Design criterion  
 

The Placket–Burman Design based experiment indicated significant 

stimulatory effect of NaCl, MgCl2, CaCl2 and KCl on ALP production by 

Bacillus flexus FPB17 as exhibited by Fig. 2.  
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Fig. 2. Pareto chart of effect of metal salts for the production of ALP by Bacillus flexus FPB17 

using Placket-Burman design criterion. 

 

Optimization of metal salts concentration using CCD for ALP production by 

Bacillus flexus FPB17 
 

Twenty experiments (and one control) carried out according to the CCD 

as shown in Table 3 indicate major role of MgCl2-CaCl2 interaction. Multiple 

regression analysis of the application data indicates following second order 

polynomial equation explaining the ALP production by Bacillus flexus FPB17: 

 

Y = 114.44 + 20.93A + 3.96B - 28.11C + 17.64AB - 39.36AC + 5.19BC + 

1.38A
2
 + 0.81B

2
 + 5.16C

2
 

 

Where Y is the predicted response variable, ALP activity (U/ml) and A, B and 

C are the values of independent variables MgCl2, CaCl2 and KCl, respectively. 

Regression analysis of the experimental data showed that MgCl2, CaCl2 

and KCl had positive effect on ALP production (P < 0.05). Amongst the three 

metal salts MgCl2 and CaCl2 had highest impact on ALP production as shown 

by highest linear coefficient followed by KCl. These salts also showed 

significant quadratic effect on ALP production. The interactions between 

MgCl2-CaCl2 and MgCl2-KCl were significant as shown by low P values 

(<0.05) for interactive terms. But the interaction between CaCl2-KCl was found 

to be insignificant as the p values are above 0.05 (Table 4). Analysis of 

variance for the ALP production obtained from this design is presented in Table 

5. ANOVA gave the value of the model and explains that this model adequately 
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fits the variation observed in ALP production with the designed salt levels. The 

closer the value of R (multiple correlation coefficient) to 1, better is the 

correlation between the observed and predicted values.  

 

Table 3. Optimization of significant metal salts for ALP production by Bacillus 

flexus FPB17 using Central Composite Design criterion 

 
Run 

order 

A: MgCl2 

g% 

B:  

CaCl2 

g% 

C:  

KCl 

g% 

ALP activity (U/ml) 

Predicted Experimental Residuals 

1 0.06 0.03 0.03 153.55 147.08 -6.47 

2 0.03 0.03 0.03 114.44 114.69 0.25 

3 0.03 0.03 0.03 114.44 113.86 -0.58 

4 0.03 0.03 0.06 81.78 79.97 -1.81 

5 0.05 0.05 0.01 226.59 239.58 12.99 

6 0.03 0.03 0.03 114.44 114.69 0.25 

7 0.01 0.05 0.01 70.75 71.45 0.70 

8 0.03 0.06 0.03 123.38 111.91 -11.47 

9 0.00 0.03 0.03 89.26 89.56 0.30 

10 0.05 0.01 0.01 193.77 189.69 -4.08 

11 0.01 0.05 0.05 103.63 112.16 8.53 

12 0.03 0.03 0.03 114.44 114.69 0.25 

13 0.03 0.03 0.03 114.44 114.75 0.31 

14 0.01 0.01 0.05 120.61 112.06 -8.55 

15 0.03 0.03 0.00 160.46 153.17 -7.29 

16 0.03 0.00 0.03 110.62 119.06 8.44 

17 0.03 0.03 0.03 114.44 114.48 0.04 

18 0.05 0.05 0.05 102.04 103.92 1.88 

19 0.01 0.01 0.01 108.48 111.05 2.57 

20 0.05 0.01 0.05 48.47 52.21 3.74 

Contro

l 

0.00 0.00 0.00 – 129.86 – 

 

Table 4. Regression analysis of Central Composite Design criterion based data 

for ALP production by Bacillus  flexus FPB17 
 

Factor Coefficient  Standard Error of 

Coefficient 

T Value p-value 

 

Constant  114.44 3.20 35.76 0.00 

MgCl2 20.93 2.33 8.98 0.00 

CaCl2 3.96 2.33 1.70 0.12 

KCl -28.11 2.33 -12.06 0.00 

MgCl2 * CaCl2 17.64 2.87 6.15 0.00 

MgCl2 * KCl -39.36 2.87 -13.71 0.00 

CaCl2 * KCl 5.19 2.87 1.81 0.10 

MgCl2 * MgCl2 1.38 2.48 0.56 0.59 

CaCl2 * CaCl2 0.81 2.48 0.33 0.75 

KCl * KCl 5.16 2.48 2.08 0.06 

R
2
 = 97.8% 
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Table 5. Analysis of variance for ALP production by Bacillus flexus FPB17 

using Central Composite Design criterion 
 

Source Sum of 

Squares 

Degree of 

freedom (Df) 

Mean 

Square 

F 

Value 

p-value 

Model 30503.57 9 3389.29 51.54 0.00 

MgCl2 5297.23 1 5297.23 80.56 0.00 

CaCl2 189.75 1 189.75 2.89 0.12 

KCl 9555.83 1 9555.83 145.32 0.00 

MgCl2 * CaCl2 2488.65 1 2488.65 37.85 0.00 

MgCl2 * KCl 12392.10 1 12392.10 188.46 0.00 

CaCl2 * KCl 215.49 1 215.49 3.28 0.10 

MgCl2 * MgCl2 20.52 1 20.52 0.31 0.59 

CaCl2 * CaCl2 6.95 1 6.95 0.11 0.75 

KCl * KCl 285.52 1 285.52 4.34 0.06 

Residual 657.55 10 65.76 – – 

Lack of Fit 656.97 5 131.39 – – 

Pure Error 0.58 5 0.12 – – 

Cor Total 31161.12 19 – – – 

 

In the present study the value of R (0.978) revealed that the model could 

explain up to 97.8% variation of ALP production. The p value for the model 

(0.00) indicated that the experimental data obtained fitted well with the model 

and explained the effect of MgCl2, CaCl2 and KCl on ALP production by 

Bacillus flexus. The 2D contour plots of ALP production for each pair of salt 

concentration by keeping the other one metal salt constant are shown in Fig. 3, 

4 and 5. The 2D contour plots are the graphical representation of the regression 

equation. The main goal of response surface is to efficiently hunt for the 

optimum values of the variables such that the response is maximized. The 

optimal combination of the metal salts of media for ALP production as obtained 

from the contour plots are as follows: CaCl2 – 0.05 g%; MgCl2 – 0.05 g%; KCl 

– 0.01 g% and NaCl – 0.5 g%. At these optimum levels of metal salts, 1.84-fold 

increase in the ALP yield amounting to 239.58 U/ml was achieved with RSM. 
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Fig. 3. Contour plot of effect of MgCl2 and KCl on ALP production. 

 

 
Fig. 4. Contour plot of effect of CaCl2 and KCl on ALP production. 

 

 



Journal of Agricultural Technology 2013, Vol. 9(1): 81-93 

91 

 

 
Fig. 5. Contour plot of effect of MgCl2 and CaCl2 on ALP production. 
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