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ABSTRACT 

Phytases are a group of enzymes that hydrolyze phytate to release inorganic phosphate and myo-inositol 

phosphate intermediates. The phytase encoding gene (phyL) of Bacillus licheniformis DSM13 is strongly induced during 

phosphate starvation conditions. In this study, we analyzed the activity of the phytase promoter by constructing a 

recombinant strain containing a plasmid bearing the phyL promoter fragment and the reporter gene xynA (encoding the 

xylanase) fusion. The recombinant strain was grown in conditions without and with the addition of different 

concentrations of sodium phytate. The results showed that the phytase promoter was strongly induced when less than 5 

mM of phytate was added to the growth medium. Furthermore, growth analysis experiments revealed that phytate was 

an important alternative phosphate source for B. licheniformis cells to overcome phosphate starvation conditions. 

Keywords: Bacillus licheniformis, gene expression, phosphate starvation, phytate, phytase. 

Phân lập và khảo sát sự biểu hiện của promoter của gen phytase  
từ Bacillus licheniformis DSM13 

TÓM TẮT 

Phytase là một họ enzyme thủy phân cơ chất phytate để giải phóng ra phosphate vô cơ cùng các sản phẩm 

trung gian myo-inositol phosphate. Gene mã hóa enzyme phytase (phyL) ở Bacillus licheniformis DSM13 cảm ứng 

biểu hiện mạnh trong các điều kiện thiếu hụt phosphate. Trong nghiên cứu này, chúng tôi thiết kế vector biểu hiện sử 

dụng promoter của gene phyL để điều khiển sự biểu hiện của gen xynA (mã hóa enzyme xylanase). Hoạt tính 

promoter phyL được xác định thông qua mức độ biểu hiện của protein XynA. Chủng tái tổ hợp được nuôi cấy trong 

điều kiện môi trường không có hoặc có bổ sung phytate ở các nồng độ khác nhau. Kết quả cho thấy hoạt động của 

promoter phyL được cảm ứng mạnh khi nồng độ cơ chất phytate bổ sung vào ở giá trị  5 mM. Ngoài ra, thí nghiệm 

phân tích sinh trưởng của vi khuẩn trong môi trường có bổ sung phytate chỉ ra rằng phytate là một nguồn phosphate 

thay thế quan trọng giúp cho vi khuẩn B. licheniformis vượt qua các điều kiện đói phosphate.  

Từ khóa: Bacillus licheniformis, biểu hiện gene, phytate, phytase, thiếu hụt phosphate. 

 

1. INTRODUCTION 

Phytate, the salt of phytic acid, is the main 

storage form of phosphate in most mature plant 

seeds such as cereal and oilseeds (Reddy et al., 

1982; Rao et al., 2009). It accounts for up to 80% 

of the total seed phosphorus and contributes as 

much as 1.5% to the seed dry weight (Bohn et 

al., 2008). Phytate forms insoluble complexes 

with nutritionally important minerals, such as 

Fe2+, Zn2+, Mg2+, and Ca2+ (Harland and 

Oberleas, 1999), and it is poorly utilized by non-
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ruminant animals including swine, poultry, and 

fish (Roy et al., 2009). 

Phytases are a diverse group of enzymes 

that hydrolyze phytate (myo-inositol 1,2,3,4,5,6-

hexakisphosphate) to release inorganic 

phosphate (Pi) and a series of myo-inositol 

phosphate intermediates (Kerovuo et al., 2000; 

Singh et al., 2011). Based on the catalytic 

mechanism, phytases can be divided into 

histidine acid phosphatase, cysteine 

phosphatase, β-propeller phytases, and purple 

acid phosphatase (Mullaney and Ullah, 2007). 

Phytases have been found widely in 

microorganisms, plants, and some animals 

(Konietzny and Greiner, 2002; Rao et al., 2009). 

Among them, phytase-producing rhizobacteria 

play an essential role in the mineralization of 

soil organic phosphorus. They include 

Pseudomonas sp. (Richardson and Hadobas, 

1997), Bacillus sp. (Kerovuo et al., 1998; Choi et 

al., 2001), Raoultella sp. (Sajidan et al., 2004), 

Escherichia coli (Greiner et al., 1993), and 

Enterobacter (Yoon et al., 1996).  

The expression of the phytase gene in 

microorganisms depends on the growth medium 

components, pH, and phytate as the phosphate 

source. Phytate has been identified as an 

inducer substrate for the expression of the 

phytase encoding gene in Klebsiella terrigena 

(Greiner et al., 1997) and Mitsuokella 

jalaludinii (Lan et al., 2002). The expression of 

phytase genes in rhizosphere Bacillus species is 

also induced when phytate is added to the soil 

(Jorquera et al., 2013). However, phytate has no 

influence on the expression of the phytase gene 

in E. coli (Greiner et al., 1993) or Bacillus 

subtilis (Antelmann et al., 2007). It has been 

reported that B. licheniformis cells can produce 

and secrete high levels of phytase protein into 

the extracellular medium under phosphate 

starvation conditions (Hoi et al., 2006). 

However, little information is known about the 

effect of phytate on the expression of the 

phytase gene in B. lichenifomis under these 

growth conditions. 

In the present study, we constructed a 

phytase gene promoter (PphyL)-reporter fusion to 

study the activity of the phytase promoter 

under phosphate starvation conditions with and 

without the addition of phytate. Furthermore, 

the effect of different concentrations of phytate 

on the expression of the phytase promoter was 

also investigated. 

2. MATERIALS AND METHODS 

2.1. Bacterial strains and cultivation 

All bacterial strains and plasmids used in 

this study are listed in Table 1. Belitzky 

Minimal Medium (BMM) was used in all growth 

experiments (Stülke and Hillen, 2000). The cells 

were cultivated at 37C, 180 rpm in BMM 

containing 15 mM (NH4)2SO4, 8 mM 

MgSO47H2O, 27 mM KCl, 7 mM sodium citrate 

dihydrate, and 50 mM Tris-HCl (pH 7.5) 

supplemented with 0.6 mM KH2PO4, 2 mM 

CaCl22H2O, 1 µM FeSO47H2O, 10 µM 

MnSO44H2O, and 11 mM glucose. For the 

phosphate starvation experiments, the 

concentration of phosphate was reduced to 0.15 

mM. The activity of the PphyL was also examined 

by adding sodium phytate to the medium. In 

these experiments, sodium phytate was added 

at the OD 500 nm of 1.0 (after 8 h of cultivation), if 

not indicated otherwise. 

 Table 1. Bacterial strains and plasmids used in this study 

Strain Relevant genotype Reference 

B. subtilis 168 TrpC2 DSMZ, Germany 

B. licheniformis DSM13 Wild-type DSMZ, Germany 

B. licheniformis MW3 ΔhsdR1, ΔhsdR2 Waschkau et al. (2008) 

B. licheniformis TH4 

    pKUC 

       pKUC4 

ΔhsdR1, ΔhsdR2, pKUC4 

pUC18 fused with pKTH290 

pKUC bearing the phyL-xynA fusion fragment 

This study 

Truong (2006) 

This study 
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Table 2. Sequences of primers used in this study 

Primer number Sequence 5´-3´ 

1 GAGTATCTAGAATCCATCCTGCTCGGGATC 

2 GTTTTTTTTAAATTTAAACATATATTAACCTCCTTTTG 

3 CAAAAGGAGGTTAATATATGTTTAAATTTAAAAAAAAC 

4 GTCGAGGTACCATAGAAAAAGAGCATTTTTTG 

 

Figure 1. Schematic presentation of the cloning procedure  

for the construction of vector pKUC4 

2.2. Construction of recombinant bacterial 

strain 

In this study, the activity of the PphyL in B. 

licheniformis was analyzed by means of the 

promoter-reporter gene fusion method. First, 

the PphyL region (300 bp in length from the start 

codon of the phyL gene) was amplified using the 

primer pair 1/2 (Table 2). The reporter gene 

xynA (coding for xylanase) from B. subtilis 168 

was then amplified with the primer pair 3/4 

(Table 2). The phyL-xynA fusion fragment was 

generated by fusion PCR technique (Yon and 

Fried, 1989) using the primer pair 1/4 (Table 2). 

The PCR product was then inserted into the 

XbaI and KpnI sites of the multiple-copy 

plasmid pKUC (Truong, 2006) resulting in 

vector pKUC4 (Fig. 1). This vector was then 

transformed into the B. licheniformis MW3 

resulting in strain TH4. 

2.3. Analysis of enzyme activity 

In this experiment, samples of the 

supernatant of B. licheniformis strain TH4 were 

taken at the exponential growth phase, the 

transient phase, and 2, 4, 6, 8, 10, and 12h after 

the onset of the stationary phase. The xylanase 

activity in the supernatant samples was 

measured using the modified dinitrosalicylic 

acid (DNSA) method (Bailey et al., 1992). Xylan 

from beech wood (Sigma-Aldrich Co, USA) was 

used as substrate at a concentration of 1% (w/v) 

in 0.05 M NaPO4-Buffer (pH 6.0). The 

calibration curve was prepared from a 

concentration of xylose ranging from 0.5 mM to 

50 mM. A 60 µL sample was added to 540 µL 

1% Xylan (pre-warmed at 50C) and incubated 

for exactly 10 min at 50C. The reaction was 

terminated by adding 600 µL DNSA-solution 

and incubated for 10 min at 100C. The reaction 
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mix was cooled down on ice for 5 min and the 

absorbance was measured at 540 nm against 

the reaction blank. One unit of xylanase activity 

was defined as the amount of enzyme that 

liberates one micromole of reducing sugars 

equivalent to xylose per minute under the assay 

conditions described.  

2.4. Analysis of the extracellular proteins 

The proteins in the supernatant samples 

were separated by one-dimensional (1D-) SDS-

PAGE. 20 L samples were mixed with 5 L of 

SDS sample buffer (50 mM Tris-HCl (pH 6.8), 

2% SDS, 10% glycerol, 0.1% bromphenol blue) 

and denatured at 50C for 10 minutes. The 

separation according to protein mass was 

conducted using a Protean II Cell system (BIO-

RAD). Electrophoresis was run at 150 V for one 

hour (separating gel: 10% ‘‘Acrylamide-Solution 

(30%)-Mix 37.5:1’’ (AppliChem), 0.4 M Tris (pH 

8.8), 0.1% SDS, 0.1% APS, 0.04% TEMED; 

stacking gel: 4% Acrylamide-Solution, 0.125 M 

Tris (pH 6.8), 0.1% SDS, 0.05% APS, 0.1% 

TEMED). Protein bands were visualized by 

Coomassie Brilliant Blue (CBB) staining. 

3. RESULTS AND DISCUSSION 

3.1. Construction of the expression vector 

In this experiment, the promoter phyL 

(PphyL) from B. licheniformis was fused with the 

reporter gene xynA from B. subtilis to generate 

an expression cassette by the PCR fusion 

method. We used the entire xynA gene, 

including its signal peptide sequence, to fuse 

with the PphyL and thus the produced XynA 

protein would be secreted into the growth 

medium. The PCR fragment PphyL-xynA was 

then inserted into the XbaI and KpnI sites of 

the multiple-copy plasmid pKUC resulting in 

vector pKUC4 as shown in figure 1. The 

expression vector pKUC4 was used to transform 

the B. licheniformis MW3 cells by the 

electroporation transformation method. The 

transformants were then selected and used for 

plasmid isolation. By restriction enzyme 

digestion with XbaI and KpnI, the insertion of  

the expression cassette within the vector 

pKUC4 was confirmed.  

3.2. Growth analysis  

Phytate is an organic phosphate source 

that many bacteria can use to overcome 

phosphate starvation conditions. Therefore, in 

this experiment we added different 

concentrations of phytate to the growth 

medium of B. licheniformis strain MW3 to 

verify if this bacterial strain could use phytate 

as an additional phosphate source and how the 

concentrations of phytate affected the growth 

rate of this bacterium. Sodium phytate was 

added to the growth medium when cells came 

into the stationary phase (after 8h of 

cultivation). The results showed that, under 

the growth conditions without the addition of 

sodium phytate, B. lichenfiormis cells reached 

a maximal OD 500 nm of 1.0 during the 

stationary growth phase. However, when 1 mM 

phytate was added to the growth medium, the 

growth rate started to increase 2h after the 

addition of phytate and reached a maximal OD 

500 nm of 2.0. When a higher concentration of 

phytate (5 mM) was added, it took a longer 

time (after 6h) for cells to increase the growth 

rate. However, the final OD 500 nm reached 2.7 

after 20h of cultivation (Figure 2). These 

results indicated that B. licheniformis cells 

were able to use phytate as an additional 

phosphate source when cells were subjected to 

phosphate starvation conditions. Furthermore, 

the constant OD value during the stationary 

phase in the growth condition without phytate 

additionally revealed that phytate was not the 

only phosphate source for B. licheniformis cells 

to overcome the phosphate starvation 

conditions. This result was in agreement with 

the study of Hoi et al. (2006) who found that  

B. licheniformis cells induce many genes 

encoding for nucleases which mobilize phosphate 

groups from intracellular and extracellular 

ribonucleic and deoxyribonucleic acids.  
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Figure 2. Growth of B. licheniformis MW3 in phosphate-starved BMM medium without  

and with the addition of phytate 

Note: Sodium phytate was added at an OD 500 nm of 1.0 (after 8 hours cultivation). Circles: without the addition of sodium 

phytate; squares: with the addition of 1 mM sodium phytate; triangles: with the addition of 5 mM sodium phytate (n=3 

independent cultivations) 

 

Figure 3. pH value of the growth medium in the conditions with  

and without the addition of phytate 

Note: White bars: without the addition of sodium phytate; grey bars: with the addition of 1 mM sodium phytate;  

black bars: with the addition of 5 mM sodium phytate 

  

Figure 4. Xylanase activity in strain TH4 grown in the conditions with  

and without the addition of phytate 

Note: White bars: without the addition of sodium phytate; grey bars: with the addition of 1 mM sodium phytate;  

black bars: with the addition of 5 mM sodium phytate 



Nguyen Thanh Trung, Nguyen Minh Hung, Nguyen Huy Thuan, Trinh Thanh Trung,  
Nguyen Quoc Trung, Trinh Thi Thu Thuy, Nguyen Hoang Anh  

303 

 

Figure 5. One-dimensional polyacrylamide gel electrophoresis separation  

of extracellular proteins 

Note: 20 µL of culture medium of the TH4 strain after removal of cells by centrifugation was used. Sodium phytate was added 

at an OD 500 nm of 1.0 (after 8 hours cultivation). XynA protein bands are indicated by arrows. A: without the addition of 

sodium phytate; B: with the addition of 1 mM sodium phytate; C: with the addition of 5 mM sodium phytate 

In this experiment, the addition of a high 

concentration of sodium phytate (5 mM) 

resulted in lowering the pH value to 5.8 at the 

time of addition (Figure 3). Therefore, bacterial 

cells required a longer time to increase their 

growth rate than in the growth conditions with 

a lower phytate addition as shown in Fig. 2. 

This result was in agreement with the study of 

Ibrahim et al. (2013) in that pH values lower 

than 6.0 resulted in a lower growth rate for  

B. licheniformis BT5.9. 

3.3. Analysis of the phytase promoter activity 

In this study, the activity of PphyL was 

analyzed in the growth conditions with and 

without the addition of different concentrations 

of sodium phytate. Under the growth conditions 

without the addition of sodium phytate, the 
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phyL-xynA fusion strain TH4 showed a 

maximal xylanase activity of 750 U/L. However, 

when 1 mM sodium phytate was added to the 

growth medium, the xylanase activity reached a 

higher maximal value of 2500 U/L. 

Interestingly, the addition of 5 mM sodium 

phytate resulted in significant increase of 

xylanase activity up to 4200 U/L (Figure 4). The 

expression pattern of the xylanase gene under 

the control of PphyL was also checked by SDS-

PAGE (Figure 5). These results indicated that 

the activity of the phyL promoter depended on 

the sodium phytate concentrations. Moreover, 

sodium phytate (at concentrations less than or 

equal to 5 mM) played as an inducer for the 

expression of the phytase promoter.As shown by 

Hoi (2006), the addition of a three-fold higher 

concentration of phytate (15 mM) resulted in 

the repression of phytase promoter activity. 

Furthermore, Hoi et al. (2006) reported that the 

expression of the phytase gene in  

B. licheniformis is only induced under phosphate 

starvation conditions. Therefore, the addition of 

a high concentration of phytate could increase 

the inorganic phosphate level by the phytate 

hydrolysis activity of the phytase enzyme, and 

thus repress phytase gene expression. 

4. CONCLUSIONS 

The activity of the phytase promoter in  

B. licheniformis was strongly induced under 

phosphate starvation conditions. Furthermore, 

sodium phytate was an important alternative 

phosphate source for B. licheniformis cells to 

overcome the phosphate starvation conditions. 

In addition, sodium phytate (at a concentration 

less than or equal to 5 mM) was able to induce the 

expression of the phyL promoter of B. licheniformis 

under phosphate starvation conditions. 
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