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Alkaline phosphatase production by B. licheniformis was investigated by batch fermentation. A
two-step optimization procedure using central composite design with six factors (pH,
temperature, fermentation time, orbital speed, age of inoculum and inoculum volume) were
used to evaluate the effect of these parameters on alkaline phosphatase production. According
to the results of Placket-Burman design methodology, pH, temperature, fermentation time and
orbital speed were significant (P<0.05) on alkaline phosphatase production. The predicted
maximum production of alkaline phosphatase was 792.043 U/ml with pH 8.0, temperature
36.7°C, fermentation time 78 hours, and orbital speed 165 rpm. The validity of the response
model was verified by a good agreement between predicted (792.043 U/ml) and experimental
results (854.34 U/ml). A 1.5 fold increase in alkaline phosphatase production was achieved
after optimization of the production parameters of alkaline phosphatase by response surface
methodology.
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Introduction

Alkaline phosphatase (E.C. 3.1.3.1) is widely distributed in nature,
containing two Zn>* ions and one Mg*" ion (Janeway et al., 1993; Kim and
Wyckoft, 1989). Alkaline phosphatase is a non-specific monophosphoester
hydrolase that catalyzes the removal of phosphate groups from a variety of
small organic molecules, as well as large biomolecules such as DNA and
proteins (Kobori et al., 1984). The enzyme has been purified and characterized
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from many different organisms, ranging from a wide variety of bacteria to man
(Guimaraes et al., 2007; Simao et al., 2007; Wojciechowski and Kantrowitz,
2002). Extracellular alkaline phosphatases have been reported from several
bacteria (Angkawidjaja et al., 2006; Prada et al., 1996; Sharipova et al., 1998;
Von Tigerstrom, 1984). Alkaline phosphatase is commonly used as a tool in
molecular biology and clinical assays (Ausubel et al., 1994; Chen et al., 2006).

Response Surface Methodology (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). To
develop a bioprocess for industrial purpose, it was important to optimize highly
significant factors. The aim of this paper was firstly to apply by one-variable-at-
a-time approach to select the most significant fermentation parameters, then a
2* full factorial central composite design was optimized using the RSM for the
maximum production of an extracellular alkaline phosphatase by B.
licheniformis (Lee and Chen, 1997; Dey et al., 2001; Tari et al., 2006). The
present work was an innovative step towards evaluating production parameters.
In this linear or quadratic effects of experimental variables construct contour
plots and a model equation fitting the experimental data. This facilitates the
determination of optimum value of factors under investigation and prediction of
response under optimized condition (Banik et al., 2007; Santhiagu and Banik,
2008).

The work described in this article deals with optimization of production
parameters for alkaline phosphatase production by B. licheniformis. RSM was
used here to optimize important production parameters screened by Placket-
Burman design. Particularly in this work was applied RSM to evaluate the
effect of physical variables on alkaline phosphatase production by B.
licheniformis and search optimal condition to attain a higher alkaline
phosphatase yield.

Materials and methods

Media and culture condition

A strain of Bacillus licheniformis (MTCC 1483) was used in this study.
The organism was collected from Institute of Microbial Technology,
Chandigarh, India. The culture was maintained in medium containing 0.1%
beef extract, 0.2% yeast extract, 0.5% peptone and 0.5% NaCl. Alkaline
phosphatase fermentation was carried out in a modified medium (Nomoto ef al.,
1988; Prada et al., 1996) containing 1% glucose, 0.5% peptone, 0.1% yeast
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extract, 0.02% MgS04.7H,0, 0.002% KH,PO4, 0.5% NaCl. Inoculum was
developed by transferring one loop full of the organism from the slant culture to
50 ml production medium in 250 ml Erlenmeyer flask. The flask was incubated
in an orbital shaker at 37£1°C and 175 rev/min for 24 hours for inoculum
development.

Production of alkaline phosphatase

Initially the effect of six parameters such as pH, temperature,
fermentation time, orbital speed, age of inoculum and inoculum volume on the
production of alkaline phosphatase were studied using Placket-Burman design
criterion. Fermentations were carried out by using production parameters level
given in Table 1. The fermentated medium was then centrifuged at 10,000g at
10°C for 15 minutes and cell free supematant was used for determination of
alkaline phosphatase activity.

Analytical methods

Alkaline phosphatase activity was measured spectrophotometrically by
monitoring the release of p-nitrophenol from p-nitrophenyl phosphate disodium
salt (pNPP) at 415nm (Garen and Levinthal, 1960). The enzyme sample
(0.1cm’) was added to 1.9 c¢m® of p-nitro phenyl phosphate disodium salt
solution (2 mg cm™ in 1 mol dm™ Tris-HCI buffer at pH 10.0) and the mixture
was incubated at 50°C for 20 minute. The reaction was terminated by adding
0.5 cm® of NaOH solution (5 mol dm™) and the absorbance of the product p-
nitrophenol was measured at a wavelength of 415nm using UV-Vis
spectrophotometer (Shimadzu) (Bansal-Mutalik and Gaikar, 2003).

One unit of enzyme activity is defined as the amount of the enzyme
catalyzing the liberation of 1umol of p-nitrophenol per minute.

Response surface methodology

RSM consist of a group of empirical technique was used for evaluation of
relationship between cluster of controlled experimental factors and measured
response. A prior knowledge with understanding of the related bioprocesses is
necessary for a realistic modeling approach. Placket-Burman design was used
to pick factors that influence alkaline phosphatase production significantly and
insignificant ones were eliminated in order to obtain a smaller, manageable set
of factors. Response surface methodology was applied in two stages, first to
identify the significant factors for production of alkaline phosphatase using
Placket-Burman design criterion and later the significant factors resulted from
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Placket-Burman design were optimized by using a central composite design.
The experimental design and statistical analysis of the data were done by using
Minitab statistical software package (version-14).

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. Six variables were
screened by conducting twelve experiments using Placket-Burman design. All
experiments were conducted in triplicate and the average value of alkaline
phosphatase 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 alkaline phosphatase production and were further
optimized using central composite design.

Central composite design

A central composite design (CCD) was applied to determine the optimum
concentration of four significant production parameters screened from Placket—
Burman design criterion. The effect of the parameters pH, temperature,
fermentation time and orbital speed on the production of alkaline phosphatase
was studied at five experimental levels: -a, -1, 0, +1, +o, where o= 2" here n
was the number of variables and 0 corresponded to the central point. The levels
of factors used for experimental design are given in Table 1. The actual level of
each factor was calculated by the following equation (Paul et al., 1992):

Actual level — (high level + low level)/2
Coded vabe = ———m44m@8@ Ll (1)
(High level — low level)/2

The experimental plan and levels of independent variables were obtained
from central composite design; pH had a lower limit of 2.5 and an upper limit
of 12.5. Temperature was varied between 10°C and 50°C. Fermentation time
was varied between 24 and 120 hours. The lower and upper limits of orbital
speed were 50 and 250 rpm, respectively.

The response variable was fitted by a second order model in order to
correlate the response variable to the independent variables. The general form
of'the second degree polynomial equation used in this study is:

Y= ,30 + Z ,Bij+ Z ,Biin2+Z ,[)’ijxl-xj ......................................................... (2)

Where Y is the predicted response, x;x; are input variables which influence the
response variable Y; S is the offset term; f; is the ith linear coefficient; f;; is the
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ith quadratic coefficient and p; is the ijth interaction coefficient. Analysis of
variance (ANOVA), regression analysis was done and contour plots were
drawn by using Minitab Statistical Software package.

Results and discussion

Screening of parameters using Placket-Burman design criterion

The parameters significantly affect alkaline phosphatase production by B.
licheniformis, Placket-Burman design was determined. All six parameters such
as pH, temperature, fermentation time, orbital speed, age of inoculum and
inoculum volume were studied at two widely spaced levels. The levels of the
parameters were selected based on the preliminary experiments and the
information available in the literature as stated by Nilgiriwala et al. (2008) and
Oh et al. (2007). The low level (-1) and high level (+1) of each factor are listed
in Table 1.

Table 1. Level of parameters used for the production of alkaline phosphatase
by B. licheniformis using Placket-Burman design criterion.

Code Parameters High level (+1) Low level (-1)
A pH 10.0 50
B Temperature 40°C 20°C
C Fermentation time 96 hrs 24 hrs
D Inoculum volume 8% 4%
E Age of inoculum 24 hrs 12 hrs
F Orbital speed 200 rpm 100 rpm

Maximum production of alkaline phosphatase (768.46 U/ml) in the
medium having higher level (+1) of pH, temperature, fermentation time and
orbital speed was shown in Table 2. It is also showed that out of the six
parameters studied, four parameters (pH, temperature, fermentation time and
orbital speed) gave significant stimulatory effect on alkaline phosphatase
production as evidenced by their P values (<0.05) obtained from regression
analysis of Placket-Burman design (Table 3). The goodness of fit of model was
checked by the determination of coefficient (R?). The coefficient of
determination (R?) of the model was 0.906, which indicated that the model
could explain up to 90.6% variation of the data. Alkaline phosphatase yield
obtained from Placket-Burman design experiments showed wide variation
which indicated that further optimization was necessary.
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Table 2. Parameters for the production of alkaline phosphatase by Bacillus
licheniformis using Placket-Burman design criterion.

Activity (U/ml)
Run A B C D E F Experimental Predicted
1 1 1 -1 1 -1 -1 358.68 404.990
2 1 -1 -1 -1 1 1 342.64 344.883
3 -1 -1 -1 -1 -1 -1 289.34 351.760
4 1 -1 1 -1 -1 -1 415.67 353.030
5 -1 1 1 -1 1 -1 527.64 539.733
6 1 1 -1 1 1 -1 426.58 380.270
7 1 -1 1 1 -1 1 545.86 559.060
8 1 1 1 -1 1 1 51038 557.577
9 -1 -1 -1 1 1 1 53642 533.070
10 -1 1 1 1 -1 1 768.46 770.483
11 -1 1 -1 -1 -1 1 642.34 581.027
12 -1 -1 1 1 1 -1 528.37 516.497

Table 3. Regression analysis of Placket-Burman design criterion data for prediction of
significant parameters.

Term Effect Coef SE Coef T P

Constant - 491.03 17.60 2791 0.000
A -115.46 -57.73 17.60 -3.28 0.022
B 95.96 4798 17.60 273 0.041
C 116.73 58.36 17.60 332 0.021
D 72.73 36.36 17.60 2.07 0.094
E -24.72 -12.36 17.60 -0.70 0.514
F 133.30 66.65 17.60 3.79 0.013

R*=90.62%

Optimization of parameters level using CCD

Thirty one experiments were carried out according to the CCD as shown
in Table 4. By applying multiple regression analysis on the application data, the
following second order polynomial equation was found to explain the alkaline
phosphatase production by B. licheniformis.

Y = 792.043 + 56.132X, + 59.136X; + 60.720X; + 45.768X, — 160.652X,> —
7427X," —  95.83X5" — 79.56X," + 19.808X.X; + 23.799X,X; + 8.970X.X; +
24.743X5X3 4 5.949X5X4 — 6.820X3X4 wecvveeeieeiieciiicce e 3)
Where Y is the predicted response variable, alkaline phosphatase activity
(U/ml) and X;, X;, X3 and X4 the values of independent variables, pH,
temperature, fermentation time and orbital speed respectively.
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Table 4. Alkaline phosphatase production by Bacillus licheniformis using
significant parameters based on central composite design criterion.

Run pH Temperature Fermentation Orbital speed Activity (U/ml)
time Experimental Predicted

1 5.0 40 48 100 248.24 253.696
2 10.0 40 96 100 594.67 572.201
3 7.5 30 72 150 847.62 792.043
4 10.0 20 48 200 378.67 354.752
5 7.5 10 72 150 396.78 376.690
6 7.5 30 24 150 361.56 287.282
7 5.0 40 96 100 345.38 390.664
8 7.5 30 72 150 854.34 792.043
9 7.5 30 72 150 742.14 792.043
10 5.0 40 48 200 320.52 352.829
11 10.0 20 96 100 387.67 376.727
12 5.0 40 96 200 382.24 462.516
13 5.0 20 48 200 214.13 311.760
14 10.0 40 48 200 417.67 475.051
15 5.0 20 96 100 256.64 274.420
16 7.5 30 72 150 810.54 792.043
17 10.0 20 48 100 248.65 243.535
18 125 30 72 150 271.34 261.702
19 7.5 30 120 150 552.41 530.162
20 7.5 30 72 50 389.67 382.267
21 7.5 30 72 150 814.45 792.043
22 2.5 30 72 150 43.06 37.172

23 5.0 20 96 200 356.68 322.471
24 7.5 30 72 250 654.46 565.337
25 7.5 30 72 150 758.86 792.043
26 10.0 20 96 200 390.96 460.665
27 10.0 40 96 200 684.34 679.934
28 7.5 30 72 150 716.35 792.043
29 10.0 40 48 100 284.47 340.039
30 5.0 20 48 100 210.65 236.422
31 7.5 50 72 150 689.67 613.233

Regression analysis of the experimental data showed that pH,
temperature, fermentation time and orbital speed had positive effect on alkaline
phosphatase production (P<0.05) (Table 5). All the four parameters pH,
temperature, fermentation time and orbital speed had highest impact on alkaline
phosphatase production as given by highest linear coefficient and most
significant as shown by low P values (<0.05).

These parameters also showed significant quadratic effect on alkaline
phosphatase production (P<0.05). The interaction between pH, temperature,
fermentation time and orbital speed were found to be less significant as the P
values are above 0.05 for interactive terms.
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Table 5. Regression analysis of central composite design criterion data for
alkaline phosphatase production by Bacillus licheniformis.

Term Coef SE Coef T P
Constant 792.043 26.52 29.867 0.000
pH 56.132 1432 3.919 0.001
Temperature 59.136 1432 4.129 0.001
Fermentation time 60.720 1432 4.240 0.001
Orbital speed 45.768 1432 3.196 0.006
pH*pH -160.652 13.12 -12.244 0.000
Temperature* Temperature -74.270 13.12 -5.661 0.000
Fermentation time*Fermentation time -95.830 13.12 -7.304 0.000
Orbital speed*Orbital speed -79.560 13.12 -6.064 0.000
pH*Temperature 19.808 17.54 1.129 0.275
pH*Fermentation time 23.799 17.54 1.357 0.194
pH*Orbital speed 8.970 17.54 0.511 0.616
Temperature* Fermentation time 24.743 17.54 1411 0.178
Temperature* Orbital speed 5.949 17.54 0.339 0.739
Fermentation time*Orbital speed -6.820 17.54 -0.389 0.703

R*=94.6%

The closure the value of R (multiple correlation coefficient) to 1, the
better the correlation between the observed and predicted values. In the present
study the value of R (0.946) revealed that the model could explain up to 94.6%
variation of alkaline phosphatase production. The P value for lack of fit (0.179)
indicated that the experimental data obtained fitted well with the model and
explained the effect of pH, temperature, fermentation time and orbital speed on
alkaline phosphatase production by B. licheniformis. Figs. 1-6 shows the 2D
contour plots of alkaline phosphatase production for each pair of parameters by
keeping the other two parameters constant. 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 parameters for
alkaline phosphatase production was obtained from the contour plots are as
follows: pH 8.0; Temperature 36.7°C; Fermentation time 78 hours; and Orbital
speed 165 rpm. At these optimum levels of parameters, alkaline phosphatase
production of 854.34 U/ml was optimized. 1.5 fold increase in the alkaline
phosphatase yield was observed after optimization with response surface
methodology.
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Fig. 1. Contour plot of alkaline phosphatase activity (U/ml): effect of pH and temperature on
alkaline phosphatase production.
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Fig. 2. Contour plot of alkaline phosphatase activity (U/ml): effect of pH and fermentation
time on alkaline phosphatase production.
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Fig. 3. Contour plot of alkaline phosphatase activity (U/ml): effect of pH and orbital speed on
alkaline phosphatase production.
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Fig. 4. Contour plot of alkaline phosphatase activity (U/ml): effect of temperature and
fermentation time on alkaline phosphatase production.
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Fig. 5. Contour plot of alkaline phosphatase activity (U/ml): effect of temperature and orbital
speed on alkaline phosphatase production.
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Fig. 6. Contour plot of alkaline phosphatase activity (U/ml): effect of fermentation time and
orbital speed on alkaline phosphatase production.

Acknowledgements

The authors are thankful to the School of Biochemical Engineering, Banaras Hindu
University, Varanasi, India for providing research facilities and financial support to Mr. S. K.
Pandey in the form of SRF.

References

Angkawidjaja, C., Kuwahara, K., Omori, K., Koga, Y., Takano, K., and Kanaya, S. (2006).
Extracellular secretion of Escherichia coli alkaline phosphatase with a C-terminal tag by
type 1 secretion system: purification and biochemical characterization. Protein
Engineering, Design and Selection 19: 337-343.

Ausubel, F.M., Brent, R., Kingston, R.E et al., editors. (1994). Current Protocols in Molecular
Biology, New York: John Wiley and Sons Inc.

Banik, R.M., Santhiagu, A. and Upadhyay, S.N. (2007). Optimization of nutrients for gellan
gum production by Sphingomonas paucimobilis ATCC-31461 in molasses based
medium using response surface methodology. Bioresource Technology 98: 792-797.

Bansal-Mutalik, R. and Gaikar, V.G. (2003). Purification and concentration of Alkaline
Phosphatase by Selective Permeabilization of Escherichia coli Using Reverse Micellar
Solutions. Biotechnology Progress 19: 1713-1720.

Chen, C.C., Tai, Y.C., Shen, S.C., Tu, Y.Y., Wu, M.C. and Chang, H.M. (2006). Detection of
alkaline phosphatase by competitive indirect ELISA using immunoglobulin in yolk
(IgY) specific against bovine milk alkaline phosphatase. Food Chemistry 95: 213-220.

730



Journal of Agricultural Technology 2010, Vol.6(4): 721-732

Dey, G., Mitra, A., Banerjee, R. and Maiti, B.R. (2001). Enhanced production of amylase by
optimization of nutritional constituents using response surface methodology.
Biochemical Engineering Journal 7: 227-231.

Garen, A. and Levinthal, C. (1960). A fine-structure genetic and chemical study of the enzyme
alkaline phosphatase of E. coli. 1-Purification and characterization of alkaline
phosphatase. Biochim. Biophys. Acta 38: 470-483.

Janeway, C.M., Xu X., Murphy, JE., Chaidaroglou, A. and Kantrowitz, E.R. (1993).
Magnesium in the active site of Escherichia coli alkaline phosphatase is important for
both structural stabilization and catalysis. Biochemistry 32: 1601-1609.

Guimaraes, L.H.S., Junior, A.B., Jorge, J.A., Terenzi, H.F. and Polizeli, M.L.T.M. (2007).
Purification and Biochemical Characterization of a Mycelial Alkaline Phosphatase
without DNAase Activity Produced by Aspergillus caespitosus. Folia Microbiol 52: 231-
236.

Kaur, P. and Satyanarayana, T. (2005). Production of cell-bound phytase by Pichia anomala in
an economical cane molasses medium: Optimization using statistical tools. Process
Biochemistry 40: 3095-3102.

Kim, E.E. and Wyckoff, H-W. (1989). Structure of alkaline phosphatases. Clin Chim Acta 186:
175-188.

Kobori, H., Sullivan, C.W. and Shizuya, H. (1984). Heat-labile alkaline phosphatase from
Antarctic bacteria: rapid 59 end-labeling of nucleic acid. Proc Natl Acad Sci USA. 81:
6691-6695.

Lee, S.L. and Chen, W.C. (1997). Optimization of medium composition for the production of
glucosyltransferase by Aspergillus niger with response surface methodology. Enzyme
Microbial Technology 21: 436-440.

Nilgiriwala, K.S., Alahari, A., Rao, A.S. and Apte, S.K. (2008). Cloning and overexpression of
Alkaline Phosphatase Pho K from Sphingomonas sp. Strain BSAR-1 for Bioprecipitation
of Uranium from Alkaline Solutions. Applied and Environmental Microbiology 74:
5516-5523.

Nomoto, M., Ohsawa, M., Wang, C.C.C. and Yeh, K.W. (1988). Purification and
Characterization of Extracellular Alkaline phosphatase from an Alkalophilic Bacterium.
Agric. Biol. Chem 52: 1643-1647.

Oh, W.S,, Im, Y.S., Yeon, K.Y., Yoon, Y.J. and Kim, J.W. (2007). Phosphate and Carbon
Source Regulation of Alkaline phosphatase and Phospholipase in Vibrio vulnificus.
Journal of Microbiology 45: 311-317.

Paul, G.C., Kent, C.A. and Thomas, C.R. (1992). Quantitative characterization of vacuolization in
Penicillium chrysogenum using automatic image analysis. Trans1. ChemE 70: 13-20.

Prada, P.D., Curtze, J.L. and Brenchley, J.E. (1996). Production of Two Extracellular Alkaline
phosphatases by a Psychrophilic Arthrobacter Strain. Applied and Environmental
Microbiology 62: 3732-3738.

Santhiagu, A. and Banik, R.M. (2008). Optimization of Gellan Gum Production by
Sphingomonas paucimobilis ATCC-31461 with Nonionic Surfactants Using Central
Composite Design. Journal of Bioscience and Bioengineering 105: 204-210.

Simao, A.M.S., Beloti, M.M., Rosa, A.L., Oliveria, P.T., Granjeiro, J.M., Pizauro, J.M. and
Ciancaglini, P. (2007). Culture of osteogenic cells from human alveolar bone: A useful
source of alkaline phosphatase. Cell Biology International 31: 1405-1413.

Sharipova, M.R., Balaban, N.P. and Mardanova, A.M. (1998). Isolation and properties of
extracellular alkaline phosphatase from Bacillus intermedius. Biochemistry (Mosc) 63:
1178-1182.

731



Tari, C., Genckal, H. and Tokatli, F. (2006). Optimization of a growth medium using a
statistical approach for the production of an alkaline protease from a newly isolated
Bacillus sp. L21. Process Biochemistry 41: 659-665.

Von Tigerstrom, R.G. (1984). Production of two phosphatases by Lysobacter enzymogenes and
purification and characterization of the extracellular enzyme. Appl Environ Microbiol
47: 693-698.

Wojciechowski, C.L. and Kantrowitz, E.R. (2002). Altering of the Metal Specificity of
Escherichia coli Alkaline Phosphatase. Journal of Biological Chemistry 277: 50476-
50481.

(Received 3 December 2009; accepted 10 August 2010)

732



