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A statistical approach called Response Surface Methodology (RSM) was used to study the
cumulative interactive effect of the assay conditions such as pH, temperature, reaction time and
substrate (p-nitrophenylphosphate disodium salt) concentration and to optimize their effect to
enhance the activity of alkaline phosphatase produced by Bacillus licheniformis. A factorial
central composite experimental design was used to study the combined effect of the assay
conditions. The P-value of the coefficient for linear effect, quadratic effect and interactive
effect of pH, temperature, reaction time and substrate concentration were found to be less than
0.05. The optimal combinations of the assay conditions for alkaline phosphatase activity were
pH 9.62, 48.87°C, reaction time 22.58 min and substrate concentration of 3.00 mg/ml. The
experimental values were agreed with predicted values, and the correlation coefficient was
0.901. The maximum reaction rate (V. and Michaelis-Menten constant (K,,) of alkaline
phosphatase were determined by using an optimized assay conditions. The value of Vi,.x and
K., were found as 3146.34 U/ml and 10.77 mM respectively.
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Introduction

Alkaline phosphatase (E.C. 3.1.3.1) 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 (Mc Comb et al., 1979; Kobori et al., 1984). Alkaline phosphatase is
widely distributed in nature that is found in both prokaryotes and eukaryotes
(Wojciechowski and Kantrowitz, 2002; Guimaraes et al., 2007; Simao et al.,
2007; Sasajima et al., 2010). Escherichia coli alkaline phosphatase, which has
been studied in great detail, is a periplasmic enzyme consisting of two identical
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subunits, each containing two Zn"" ions and one Mg ion necessary for activity
(Kim and Wyckoff, 1989; Coleman, 1992; Lu et al., 2010). Most bacterial
strains have been used for production and properties of various phosphatases in
a variety of gram-negative organisms (Prada et al., 1996; Angkawidjaja et al.,
2006; Huang et al., 2009), as well as in gram-positive organisms (Ghosh et al.,
1971; Okabayashi et al., 1974; Dhaked et al., 2005). Alkaline phosphatase is
commonly used as a tool in molecular biology and clinical assays. In molecular
biology, alkaline phosphatase is used for removing terminal phosphates from
nucleic acids (Chen et al., 2006). The enzyme has been widely used in the
diagnostics, immunology and molecular biology as biochemical markers in
quantitative measurements of disease, linked enzymes in ELISA (Sun ef al.,
2007; Muginova et al., 2007) and used in non radioactive detection techniques,
probing, blotting and sequencing systems (Baranov et al., 2008; Nilgiriwala et
al., 2008). Response surface methodology (RSM) is a collection of statistical
and mathematical techniques useful for developing, improving and optimizing
processes (Banik and Pandey, 2009). RSM defines the effect of the independent
variables, alone or in combination, on the process. In addition to analyzing the
effects of the independent variables, this experimental methodology generates a
mathematical model that accurately describes the overall process (Ya-Hong et
al., 2004). It has been successfully applied to optimizing conditions in food,
chemical and biological process (Banik et al., 2007; Santhiagu and Banik,
2008; Pandey and Banik, 2010). In the present study, an attempt was made to
optimize the reaction conditions for maximum alkaline phosphatase activity
produced by B. licheniformis using central composite design. The V.x and K,
values for alkaline phosphatase were determined using substrate between the
concentration of 0.25 to 4.0 mg/ml at optimized reaction parameters such as
pH-9.62, temperature-48.87°C and reaction time-22.58 minutes.

Materials and methods
Organism and culture condition

A strain of B. 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 2% glucose, 1% peptone, 0.1% yeast 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
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orbital shaker at 37+1°C and 175 rev/min for 24 hours for inoculum
development.

Production of alkaline phosphatase

Fermentations were carried out by adding 5% inoculum to 50 ml medium
in 250 ml Erlenmeyer flasks and incubating in an orbital shaker at 37+1°C and
175 rev/min for 72 hours. The fermentated medium was then centrifuged at
10,000g at 10°C for 15 minutes and cell free supernatant 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-nitro phenyl phosphate
disodium salt (pNPP) at 415nm (Garen and Levinthal, 1960). A reaction
mixture contained 0.lml enzyme sample and 1.9 ml pNPP was used for
determination of alkaline phosphatase activity by taking 1.5-4.0 mg/ml pNPP
concentration in 1 M Tris-HCI buffer of different pH 7.0-11.0 and incubating at
different temperature 30°C-60°C for 10-30 minutes. The reaction was
terminated by adding 0.5 ml of NaOH solution (5M) and the absorbance of the
product p-nitrophenol was measured at a wavelength of 415 nm using UV-Vis
spectrophotometer (Shimadzu) (Pandey and Banik, 2011). One unit of enzyme
activity is defined as the amount of the enzyme catalyzing the liberation of
1 umol of p-nitro phenol per minute.

Optimization of reaction conditions using RSM

Optimization of the reaction conditions for the maximum activity of
alkaline phosphatase by B. licheniformis was done by central composite design
(CCD), where 2*factorial design was employed with 31 experiments (Table 1).
These 31 experiments performed with different combinations of four
independent variables on the activity of alkaline phosphatase were studied at
five experimental levels: -a, -1, 0, +1, +a, where a = 2W4, here n was the
number of variables and 0 corresponded to the central point. The experimental
levels for these variables were selected from our preliminary experimental
work, which indicated that an optimum could be found within the level of
parameters studied. 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 ez al., 1992).
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Actual level — (high level + low level)/2
Coded value = (1)
(High level — low level)/2

The experimental plan and levels of independent variables are shown in
Table 1. Substrate concentration had a lower limit of 1.5 mg/ml and an upper
limit of 4.0 mg/ml, pH was varied between 7.0 - 11.0 and temperature was
varied between 30°C - 60°C. The lower and upper limits of reaction time were
10 - 30 minutes, respectively. The response surface methodology was used to
analyze the experimental design. The response variable was fitted by a second
order polynomial model in order to correlate the response variable to the
independent variables. The general form of the second degree polynomial
equation is:

Y=p00+>pxit+ Z,Biixi2+ D Lixix; ()

Where Y is the predicted response, x; x; are input variables which influence the
response variable Y; 5y is the offset term; f; is the ith linear coefficient; f; is the
ith quadratic coefficient and f; is the ijth interaction coefficient. The second
order polynomial coefficients were calculated using the Minitab statistical
software package (version-14).

The statistical analysis of the model was performed in the form of
analysis of variance (ANOVA). This analysis included the Fisher’s F-test
(overall model significance), its associated probability p(F), correlation
coefficient R, determination coefficient R’ which measures the goodness of fit
of regression model. It also includes the student’s tz-value for the estimated
coefficients and the associated probabilities p(¢). For each variable, the
quadratic models were represented as contour plots (2D). The optimal
combination was determined from the contour plots.

Determination of enzyme kinetics

Kinetic constant for alkaline phosphatase reaction were determined with
the conventional method by using optimized reaction parameters such as pH,
temperature and reaction time. The p-nitro phenyl phosphate disodium salt was
used as a substrate between the concentrations of 0.5 to 4.0 mg/ml. The Vpax
and K, values for alkaline phosphatase were determined using Lineweaver-
Burk plot at optimized parameters.
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Results and discussion
Optimization of assay conditions using central composite design (CCD)

In order to search for the optimum combination of reaction conditions, to
enhance the alkaline phosphatase activity, experiments were performed
according to the CCD experimental plan. Thirty one experiments were carried
out from the design (Table 1) by applying multiple regression analysis on the
experimental data, the following second-order polynomial equation was found
to explain the activity of alkaline phosphatase produced by B. licheniformis.

Y =2956.62 +23.85X, + 179.11.X, + 161.58X; + 166.24X, — 319.07.X,> -
368.33X,% — 424.03X5° — 335.83X42 — 216.99X,.X; + 14.14X.X; + 203 44X, X, +
256.03X:X; — 13.30X:X4 + 96.32X3X, (3)

Where Y is the predicted response variable, alkaline phosphatase activity
(U/ml) and X, X;, X3 and X4 the values of independent variables, substrate (p-
nitrophenyl phosphatae disodium salt), pH, temperature and reaction time
respectively. The significance of each coefficient in the equation (3) was
determined by P-values (probability) (Montgomery, 2001). The small value of
P (<0.05) indicated the significance of the model terms. The non-significant
value of lack of fit (>0.05) showed that the quadratic model was valid for
present study (Hamsaveni et al., 2001). Regression analysis of the experimental
data (Table 2) showed that substrate, pH, temperature and reaction time had
positive linear effect on alkaline phosphatase activity (P<0.05). The coefficients
for quadratic effects of substrate, pH, temperature and reaction time are most
significant due to very low probability value (P<0.05). The coefficients of
interactions between substrate-pH, substrate-reaction time and pH-temperature
were significant as shown by low P-values (<0.05) for interactive terms.
However, the coefficients of interactive effect of substrate-temperature, pH-
reaction time and temperature-reaction time were found to be insignificant as
given by P value above 0.05. Hence, these terms were excluded from the
regression equation (3) used for this model. Analysis of variance (ANOVA) for
the alkaline phosphatase activity obtained from this design is given in table 3.
ANOVA gives the value of the model and can explain whether this model
adequately fits the variation observed in alkaline phosphatase assay with the
designed parameters level. If the F-test for the model is significant at the 5%
level (P<0.05), then the model is fit and can adequately explain the variation
observed. The closer the value of R (multiple correlation coefficient) to 1, the
better the correlation between the observed and predicted values. Here the value
of R (0.901) indicates a good agreement between the experimental and

997



Journal of Agricultural Technology 2011 Vol. 7(4):993-1003

predicted values. The P-value for lack of fit (0.063) indicated that the
experimental data obtained fitted well with the model and explained the effect
of reaction parameters on alkaline phosphatase activity produced by B.
licheniformis. Fig. 1-6 shows the contour plots of alkaline phosphatase activity
for each pair of reaction parameters by keeping the other parameters constant.

Table 1. Alkaline phosphatase activity by Bacillus licheniformis using assay
parameters based on central composite design criterion.

Substrates pH Temperature  Reaction time Experiﬁlcetrll‘t/:ly (UI/’T(::lic ted
4.00 7 30 30 1864.52 2138.05
2.75 9 45 20 3026.69 2956.62
2.75 9 15 20 1048.68 937.33
525 9 45 20 2486.84 2128.02
1.50 11 60 10 2306.45 2039.27
2.75 13 45 20 2196.58 1841.54
0.25 9 45 20 1000.25 1232.64
2.75 9 45 20 3016.97 2956.62
2.75 9 45 20 2685.94 2956.62
2.75 9 45 20 2794.86 2956.62
1.50 11 30 30 1037.76 1131.32
4.00 7 60 10 1298.68 1211.47
4.00 11 60 30 2630.65 2579.78
2.75 9 75 20 1598.73 1583.65
2.75 9 45 20 2875.65 2956.62
2.75 9 45 5 902.35 1280.83
1.50 7 60 30 986.65 853.24
1.50 11 60 30 1690.68 213091
4.00 11 60 10 1426.45 1674.39
4.00 11 30 10 863.76 1003.52
2.75 9 45 20 2905.68 2956.62
1.50 7 60 10 965.34 708.39
4.00 11 30 30 1146.59 1523.62
4.00 7 60 30 1906.03 2170.07
4.00 7 30 10 1884.89 1564.74
1.50 7 30 30 1005.64 877.78
2.75 9 45 20 2960.58 2956.62
1.50 7 30 10 1061.01 1118.23
1.50 11 30 10 1568.94 142498
2.75 9 45 40 2450.68 1945.77
2.75 6 45 20 896.48 1125.09

The optimal combination of the parameters of reaction conditions for alkaline
phosphatase activity evaluated from the contour plots was as follows: substrate
(p-nitro phenyl phosphate disodium salt) - 3.00 mg/ml, pH - 9.62; temperature -
48.87°C and reaction time - 22.58 minutes. The predicted optimum activity of
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the alkaline phosphatase was 3066.95 U/ml and the experimental optimal
activity was 3146.34 U/ml. Two fold increases in the alkaline phosphatase
activity was observed after optimization with RSM. The kinetic constants Vax
and K, for alkaline phosphatase were determined with the conventional method
by using optimized reaction parameters and found to be 3146.34 U/ml and

10.77 mM respectively.

Table 2. Regression analysis of central composite design criterion data for
alkaline phosphatase activity by Bacillus licheniformis.

Terms Coef SE Coef T P

Constant 2956.62 130.96 22.576 0.000
Substrate 223.85 70.73 3.165 0.006
pH 179.11 70.73 2.532 0.022
Temperature 161.58 70.73 2.285 0.036
Reaction time 166.24 70.73 2.350 0.032
Substrate* Substrate -319.07 64.80 -4.924 0.000
pH*pH -368.33 64.80 -5.684 0.000
Temperature*Temperature -424.03 64.80 -6.544 0.000
Reaction time*Reaction time -335.83 64.80 -5.183 0.000
Substrate*pH -216.99 86.62 -2.505 0.023
Substrate* Temperature 14.14 86.62 0.163 0.872
Substrate* Reaction time 203 .44 86.62 2.349 0.032
pH*Temperature 256.03 86.62 2.956 0.009
pH*Reaction time -13.30 86.62 -0.154 0.880
Temperature*Reaction time 96.32 86.62 1.112 0.283

R*=90.1%

Table 3. Analysis of variance for alkaline phosphatase activity by Bacillus
licheniformis using central composite design criterion.

Source DF Seq SS Adj SS Adj MS F P
Regression 14 17437775 17437775 1245555 1037 0.000
Linear 4 3262335 262335 815584 6.79 0.002
Square 4 11556544 1556544 2889136 24.06 0.000
Interaction 6 2618897 2618897 436483 3.64 0.018
Residual Error 16 1920972 1920972 120061

Lack-of-Fit 10 1650364 1650364 165036 3.66 0.063
Pure Error 6 270608 270608 45101

Total 30 19358747
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To the best of our knowledge there is limited information available in
open literature conceming optimization of reaction conditions for maximum
alkaline phosphatase activity produced from B. licheniformis by response
surface methodology. The reaction conditions was optimized by applying
central composite design for alkaline phosphatase activity was substrate (p-
nitro phenyl phosphate disodium salt) - 3.00 mg/ml, pH - 9.62, temperature -
48.87°C and reaction time - 22.58 minutes. The kinetic constants of alkaline
phosphatase were determined with the conventional method by using optimized
reaction parameters. The chosen method of optimization of an assay conditions
was efficient, relatively simple, and time and material saving.

Acknowledgements

The authors are thankful to the School of Biochemical Engineering, Institute of
Technology, Banaras Hindu University, Varanasi, India for providing research facilities and
financial support to Mr. Sanjeev Kumar Pandey in the form of SRF by UGC, India.

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 & Selection 19: 337-343.

Banik, R.M. and Pandey, S.K. (2009). Selection of Metal salts for Alkaline Phosphatase
production using Response surface methodology. Food Research International 42: 470-
475.

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.

Baranov, K., Volkova, O., Chikaev, N., Mechetina, L., Laktionov, P., Najakshin, A. and
Taranin, A. (2008). A direct antigen-binding assay for detection of antibodies against
native epitopes using alkaline phosphatase-tagged proteins. Journal of Immunological
Methods 332: 73-81.

1001



Journal of Agricultural Technology 2011 Vol. 7(4):993-1003

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.

Coleman, J.E. (1992). Structure and mechanism of alkaline phosphatase. Ann. Rev. Biophys
Biomol Struct 21: 441-483.

Dhaked, R.K., Alam, S.I., Dixit, A. and Singh, L. (2005). Purification and characterization of
thermo-labile alkaline phosphatase from an Antarctic psychrotolerant Bacillus sp. P9.
Enzyme and Microbial Technology 36: 855-861.

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.

Ghosh, B.K., Wouters, T.M. and Lampen, J.O. (1971). Distribution of the sites of alkaline
phosphatase (s) activity in vegetative cells of Bacillus subtilis. J Bacteriol 108: 928-937.

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.

Hamsaveni, D.R., Prapulla, S.G. and Divakar, S. (2001). Response surface methodology
approach for the synthesis of isobutyl isobutyrate. Process Biochemistry 36: 1103-1109.

Huang, K.C., Huang, P.H. and Lin, S.C. (2009). A comparative study on the secretion of
alkaline phosphatase in Escherichia coli. Journal of the Taiwan Institute of Chemical
Engineers 40: 29-35.

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 5’ end labeling of nucleic acid. Proc Natl Acad Sci USA 81:
6691-95.

Lu, Z., Chen, W., Liu, R., Hu, X. and Ding, Y. (2010). A novel method for high-level
production of psychrophilic TABS5 alkaline phosphatase. Protein Expression and
Purification 74: 217-222.

Mc Comb, R.B., Bowers, G.N. and Posen, S. (1979). Alkaline phosphatase. New York. Plenum
Press.

Montgomery, D.C. (2001). Design and Analysis of Experiments. 5th ed. John Wiley & Sons,
New York.

Muginova, S.V., Zhavoronkova, A.M., Polyakov, A.E. and Shekhovtsova, T.N. (2007).
Application of Alkaline Phosphatases from Different Sources in Pharmaceutical and
Clinical Analysis for the Determination of Their Cofactors; Zinc and Magnesium Ions.
Analytical Sciences 23: 357-363.

Nilgiriwala, K.S., Alahari, A., Rao, A.S. and Apte, S.K. (2008). Cloning and over expression 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, KW. (1988). Purification and
Characterization of Extracellular Alkaline phosphatase from an Alkalophilic Bacterium.
Agric Biol Chem 52: 1643-1647.

Okabayashi, K., Futai, M. and Mizuno, D. (1974). Localization of acid and alkaline
phosphatases in Staphylococcus aureus. Jpn J Microbiol 18: 287-294.

1002



Journal of Agricultural Technology 2011 Vol. 7(4):993-1003

Pandey, S.K. and Banik, R.M. (2011). Extractive fermentation for enhanced production of
alkaline phosphatase from Bacillus licheniformis MTCC 1483 using aqueous two-phase
systems. Bioresource Technology 102: 4226-4231.

Pandey, S.K. and Banik, R.M. (2010). Optimization of process parameters for alkaline
phosphatase production by Bacillus licheniformis using Response Surface Methodology.
J. of Agri. Technology 6(4): 721-732.

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.

Sasajima, Y., Iwasaki, R., Tsumoto, K., Kumagai, 1., Thara, M. and Ueda, H. (2010).
Expression of antibody variable region-human alkaline phosphatase fusion proteins in
mammalian cells. Journal of Immunological Methods 361: 57-63.

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.

Sun, L., Ghosh, I., Barshevsky, T., Kochinyan, S. and Xu, M.Q. (2007). Design, preparation
and use of ligated phosphoproteins: A novel approach to study protein phosphatases by
dot blot array, ELISA and Western blot assays. Methods 42: 220-226.

Wojciechowski, C.L. and Kantrowitz, E.R. (2002). Altering of the metal specificity of
Escherichia coli Alkaline Phosphatase. Journal of Biological Chemistry 277: 50476-
504381.

Ya-Hong, X., Jian-Zhong, L., Hai-Yan, S. and Liang-Nian, J. (2004). Enhanced production of
extracellular ribonuclease from Aspergillus niger by optimization of culture conditions
using response surface methodology. Biochem Engg J 21: 27-32.

(Received 5 March 2011; accepted 30 May 2011)

1003



