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Phytases are enzymes that hydrolyze the phosphate groups in phytic acid to release soluble 

phosphate. Among phytases, microbial phytases are preferred due to their high activity, low cost, 

and environmentally friendly properties. In this study, microbial phytases were obtained from 

Pseudomonas chlororaphis C37-A, Bacillus megaterium M-3, and Agrobacterium radiobacter A-

16 isolates. The phytase enzymes were partially purified using ammonium sulfate precipitation, and 

their optimum pH and temperature conditions were subsequently determined The most suitable 

ammonium sulfate precipitation range in the partial purification process was determined as 60-80% 

for isolate M-3 and 40-60% for isolates C37-A and A-16.The specific activities and purification 

folds of the enzymes in these precipitation ranges were measured as 34.28EU/mg and 3.94 for M-

3, 27.25EU/mg and 1.91 for C37-A, and 23.24EU/mg and 2.11 for A-16, respectively. SDS-PAGE 

analysis showed that the molecular weights of the enzymes were approximately 45 kDa. When 

tested for enzymatic performance, phytase obtained from P. chlororaphis C37-A showed its highest 

activity at 50°C and pH 8.0, while B. megaterium M-3 showed the best activity at 50°C and pH 6.0. 

The enzyme obtained from A. radiobacter A-16 reached the highest activity at 30°C and pH 6.0. 

These findings suggest that the phytase enzyme from P. chlororaphis prefers slightly alkaline 

conditions, whereas phytases from B. megaterium and A. radiobacter function better in mildly 

acidic environments. Overall, the varying environmental tolerances of these isolates support their 

potential use in developing microbial biofertilizers, especially for soils that are poor in phosphorus. 
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Introduction 

Phosphorus is one of the most important 

macronutrients that plays a role in the regulation of many 

enzymes and energy metabolism, such as photosynthesis, 

energy transfer (ATP), and nucleic acid synthesis in plants 

(Ravindran et al., 1995). Since most of the phosphorus is 

in the form of insoluble inorganic or organic compounds in 

the soil, it cannot be used directly by plants. Approximately 

30-80% of this phosphorus consists of organic phosphorus 

and phytic acid (Karagöz et al., 2021; Dikbaş et al., 2024). 

Phytase [myo inositol (1,2,3,4,5,6) hexakisphosphate 

phosphohydrolases] facilitates the uptake of phosphorus by 

the plant by dephosphorylating the phosphate groups of 

phytic acid (Greiner & Konietzny, 2006). Phytases can be 

of plant, animal, and microbial origin. Microbial enzymes 

are preferred more due to their high enzyme activity, low-

cost production, and environmentally friendly sustainable 

approaches (Kirk et al., 2002). Microbial phytase enzymes 

can generally be obtained from bacteria, yeast, and fungi 

(Haros et al., 2005; Lei et al., 2007). Among microbial 

phytases, bacterial phytases, in particular, have more stable 

structures because of their broader tolerance to pH and 

temperature fluctuations and their suitability for industrial 

processes (Igbasan et al., 2000; Singh & Satyanarayana 

2011). Studies have shown that plant growth-promoting 

bacteria (PGPB) can enhance the plant–phosphorus 

relationship through phytase activity (Idris et al., 2007). 

Among them, Bacillus spp. are the most widely exploited 

worldwide due to their high secretion capacity and GRAS 

status, while Escherichia coli and Pseudomonas spp. have 

also been reported as important producers (Lei et al., 2013; 

Singh & Satyanarayana 2011).   Determining the potential 

of bacteria with phytase activity as biofertilizers and soil 

conditioners is important for both agricultural productivity 

and environmental sustainability.  

Although many commercial phytases are produced 

today, their wide-scale application in various industries is 
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limited due to their narrow pH activity range, thermal 

instability, and limited substrate specificity. These 

limitations have made the isolation and characterization of 

novel phytases with improved activity, higher stability, and 

wider pH tolerance increasingly important. Such enzymes 

have the potential to offer more potent alternatives for feed, 

food, agricultural, and biotechnological applications under 

industrial and environmental conditions (Kalsi et al., 2016; 

Karagöz et al., 2021). The current study aimed to determine 

partial purification of microbial phytase enzyme, the 

optimum pH, and the optimum temperatures and using 

Pseudomonas chlororaphis C37-A, Bacillus megaterium 

M-3, Agrobacterium radiobacter A-16 isolates showing 

PGPB and bioagent properties (Kotan et al., 2009; 

Mohammadi et al., 2017; Şenol Kotan et al., 2024). 

 

Materials and Methods 

 

Bioagent Bacteria, and Plants Used in The Study  

The bacterial strains Pseudomonas chlororaphis C37-

A (Şenol Kotan et al., 2024), Bacillus megaterium M-3 

(Kotan et al., 2009), and Agrobacterium radiobacter A-16 

(Mohammadi et al., 2017) were selected based on their 

plant growth-promoting and biocontrol capabilities (Kotan 

et al., 2004; Karakurt et al., 2011; Tozlu et al., 2012; Senol 

et al., 2014). These isolates were obtained from the culture 

collection of Prof. Dr. Recep Kotan, Department of Plant 

Protection, Faculty of Agriculture, Atatürk University, 

Türkiye. Bacteria stored at –80°C were revived on solid 

Nutrient Agar (NA, Merck, Germany) plates and incubated 

at 28°C for 24–48 hours prior to use in the experiments. 

 

Measurement of Phytase Enzyme Activity 

For phytase activity, the reaction was performed by 

incubating 100 μL of enzyme solution with 250 μL of 2 

mM sodium phytate (prepared in 100 mmol/L sodium 

acetate buffer, pH 5.5) at 50°C for 10 minutes. The reaction 

was stopped with 10% TCA, then coloring solution was 

added and incubated for 15 minutes and centrifuged at 

4000 rpm for 5 minutes. Supernatants were measured with 

a blank in a spectrophotometer at 700nm. (Saribuga et al., 

2014; Karagöz et al. 2021). 

 

Ammonium Sulfate ((NH4)2SO4) Precipitation and 

Dialysis 

Bacteria grown on NA (Merck, Germany) were 

inoculated into Nutrient Broth (NB, Merck, Germany) by 

transferring a loopful of culture, and incubated at 28 °C for 

48 hours under shaking conditions. The cultures were then 

stored at +4 °C for 48 hours. The culture was centrifuged 

at 9000 rpm for 10 minutes to separate the supernatant and 

precipitate, and only the supernatant was used. For the 

phytase enzyme, ammonium sulfate precipitation was 

applied at 0–20%, 20–40%, 40–60% and 60–80% 

saturation ranges; enzyme activity was measured in the 

precipitate and supernatant at each stage. The range with 

the highest activity was accepted as the precipitation range 

of the relevant enzyme. The precipitates were dissolved in 

0.1 M Tris buffer and stored at +4°C. Finally, to remove 

ammonium sulfate salt (Merck, Germany) in the medium, 

samples showing high activity were subjected to dialysis 

for 3 hours using pH 5.5 sodium acetate buffer (Çiftçi et 

al., 2004). 

Protein Determination 

Samples were stained with Coomassie Brilliant Blue G-

250 to determine protein concentration. Bovine serum 

albumin was used to measure the standard according to the 

Bradford method (Bradford, 1976). 

 

SDS-PAGE Analysis 

After partial purification of the enzyme, the purity of 

the enzyme was evaluated using the Laemmli (1970) 

method via 3–8% gradient sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE). 

Electrophoresis procedures were conducted in accordance 

with previously published pro-tocols. Gels were visualized 

using the silver staining technique and imaged after the 

destaining process (Demir et al., 2015). 

 

Determination of Optimum pH Value of Phytase 

Enzyme 

In order to determine the optimum pH of the partially 

purified enzyme, substrate solutions were prepared with 

different buffers (sodium acetate, Tris, carbonate) containing 

2mM sodium phytate in the range of pH 2.0–11.0. Activity 

determination was carried out by incubating 100μL enzyme 

solution and 250μL of 2 mM sodium phytate at 50°C for 10 

minutes and stopping with 10% TCA. Then, 500μL coloring 

solution was added, waited for 15 minutes and centrifuged for 

5 minutes at 4000 rpm. Measurements were made in a 

spectrophotometer at 700nm with blank control (Demir et al., 

2017; Karagöz et al., 2021). 

 

Determination of Optimum Temperature Value of 

Phytase Enzyme 

In order to determine the temperature at which the enzyme 

showed the highest activity, temperatures between 10°C and 

100°C were evaluated and measurements were carried out 

using a water bath. At each temperature, activity analysis was 

performed according to the standard protocol by mixing 

100μL enzyme solution and 250μL of 2 mM sodium phytate 

(Demir et al., 2017; Karagöz et al., 2021). 

 

Results 

 

Purification and Properties of the Phytase Enzyme  

The purification results of 3 bioagent bacteria isolates 

and the ranges giving the enzyme activity are given in 

Table 1. Phytase enzyme activities obtained from crude 

extracts of B. megaterium M-3, A. radiobacter A-16. and 

P. chlororaphis C-37A isolates used in the study were 

found to be 57.16 EU/mL, 45.3 EU/mL, and 40.6 EU/mL, 

from highest to lowest, respectively. The ammonium 

sulfate precipitation method was applied in the partial 

purification of phytase enzyme from bacterial isolates. 

Phytase was purified 2.11-purification fold with a recovery 

of 26.93% and specific activity of 23.24 EU/mg from A-16 

bacteria. After ammonium sulfate precipitation, about 16–

26% of the total protein was removed (Table 1). 

In the SDS-PAGE gel, the first band represents the 

standard proteins obtained after ammonium sulfate 

precipitation, whereas the 2nd, 3rd, and 4th bands 

correspond to the purified phytase enzyme fractions. The 

electrophoresis was conducted according to the Laemmli 

protocol. As a result of SDS–PAGE, phytase had a 

molecular mass of approximately 45 kDa (Figure 1). 
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Table 1. Purification steps for phytase from bacteria 

Bacteria Purification step 
Volume 

(mL) 

Activity 

(EU/mL) 

Protein 

(Mg/mL) 

Total Activity 

(EU/mL) 

Total 

Protein 

(Mg) 

Specific 

Activity 

(EU/mg) 

Recovery 

% 

Purfication 

fold 

 Crude Extract 40 40.6 1.07 1624 114 14.25 100 1 

C-37A 

Ammonium 

Sulfate Precipitation 

(40-60%) 

40 10.9 0.40 436 16 27.25 26.85 1.91 

 Crude Extract 40 57.15 1.33 2304 26,8 8.70 100 1 

M-3 

Ammonium 

Sulfate Precipitation 

(60-80%) 

40 9.6 0.28 384 11.2 34.28 16.67 3.94 

 Crude Extract 40 45.3 1.47 1812 164,8 10.99 100 1 

A-16 

Ammonium 

Sulfate Precipitation 

(40-60%) 

40 12.2 0.52 488 21 23.24 26.93 2.11 

 

 
Figure 1. SDS–PAGE analysis image from bacteria and 

MW (marker molecular weight). 

 

Optimum Temperature and pH Values of the Phytase 

Enzyme  

The enzyme activities of three strains were evaluated 

across a temperature range of 10 to 90 °C and pH levels of 

2 to 11. Among the evaluated isolates, A. radiobacter A-16 

demonstrated the highest phytase activity at 30°C, reaching 

50 EU/mL, while P. chlororaphis C-37A and B. 

megaterium M-3 showed peak activities at 50°C, with 

41.5 EU/mL and 53.6 EU/mL, respectively (Figure 2). In 

terms of pH, the optimum activity for C-37A was observed 

at pH 8 (46.4 EU/mL), whereas M-3 and A-16 exhibited 

higher activity at pH 6, with 51.6 EU/mL and 45.8 EU/mL, 

respectively (Figure 3). 

 

Discussion 

 

Microbial phytases have significant potential in both 

commercial and environmental applications due to their 

properties, such as high activity, stability, and low-cost 

production (Handa et al., 2020). Many bacterial species, 

such as Bacillus subtilis, Bacillus amyloliquefaciens, 

Lactobacillus amylovorus, Escherichia coli, Weisella 

halotolerans have been successfully used for microbial 

phytase production (Pandey et al., 2001; Konietzny & 

Greiner, 2004; Demir et al., 2017).  

In this study, partial purification of phytase enzyme 

from P. chlororaphis C37-A, B. megaterium M-3, and A. 

radiobacter A-16 isolates were performed using the 

ammonium sulfate precipitation method. The molecular 

weight of partially purified phytase enzyme was evaluated 

by SDS-PAGE method. The optimum temperature and pH 

conditions at which the enzyme showed the best activity 

were determined. Phytase enzyme was purified with a 

specific activity of 27.25 EU/mg protein from C-37A 

(26.85% recovery, 1.91-fold purification), with a specific 

activity of 34.28 EU/mg protein from M-3 (16.67% 

recovery, 3.94-fold purification) and with a specific 

activity of 23.24 EU/mg protein from A-16 (26.93% 

recovery, 2.11-fold purification). The ammonium sulfate 

precipitation range of phytase was determined as 60-80% 

for isolate M-3 and 40-60% for isolates C-37A and A-16. 

According to the results, an increase in specific activity 

was observed after purification, while a decrease in 

recovery was detected and the best purification coefficient 

was obtained in the M-3 isolate. Phytase obtained from B. 

amyloliquefaciens US573 was partially purified by 6-fold 

purification and 27EU/mg specific activity was obtained 

and 52% recovery was obtained (Boukhris et al., 2015). 

Escobin-Mopera et al. (2012), phytase from Klebsiella 

pneumoniae 9-3B was purified 241-fold by ammonium 

sulfate precipitation method and the overall recovery was 

1.81%. In another study, phytase was purified 1.4-fold, and 

the recovery was determined to be 57.7% (Abdolshahi et 

al., 2021). Mahmood et al. (2024) obtained 15.2-fold 

purification, 43% recovery, and specific activity of 

697U/mg after multiple purification steps. I sincerely thank 

the reviewer for this valuable comment. The requested 

comparison with the literature has been incorporated into 

the Discussion section, and the differences in purification 

folds and recovery percentages have been explained 

accordingly. 

The molecular weights of phytases are generally 

between 40 and 100 kDa (Pandey et al., 2001). In the 

present study, the molecular weight of phytase was found 

to be approximately 45 kDa by SDS-PAGE analysis.  



Şenol Kotan / Turkish Journal of Agriculture - Food Science and Technology, 13(09): 2743-2748, 2025 

2746 

 

 
Figure 2. The effect of temperature on purified phytase enzyme activity from bioagent bacteria. 

 

 
Figure 3. The effect of pH on purified phytase enzyme activity from bioagent bacteria. 

 

 

Other studies support our results with K. pneumoniae 

(45 kDa; Escobin-Mopera et al., 2012), Bacillus nealsonii 

(43 kDa; Yu et al., 2013), Lactobacillus coryniformis 

(43.25 kDa; Demir et al., 2018), Shigella sp. (43kDa; Roy 

et al., 2012), B. amyloliquefaciens (42kDa; Boukhris et al., 

2015) and W. halotolerans 41.52 kDa (Demir et al., 2017).  

Enzymes are very sensitive to environmental factors 

such as pH, temperature, ionic strength, metal ions, and 

chemicals. Especially parameters such as pH and 

temperature are very important for the preservation and 

increase of enzymatic activity. According to the results of 

the present study, the optimum temperature of phytase 

enzyme is 50 °C for P. chlororaphis C37-A and B. 

megaterium M-3 and 30 °C for A. radiobacter A-16. The 

optimum pH of phytase enzyme was found to be 8.0 for P. 

chlororaphis C37-A and it was determined that it is 

suitable for alkaline soils. The optimum pH value for B. 

megaterium M-3 and A. radiobacter A-16 was determined 

as 6.0 and it is thought to be suitable for use in near neutral 

soils. In general, the optimum pH of phytase enzyme is 4.5-

6.0 and its optimum temperature is 45-60 °C (Pandey et al., 

2001). Similar to our study, optimum phytase activities 

were found as 55°C, pH 7.5 for B. nealsonii (Yu et al., 

2013), and as 70°C, pH 7.5 for B. amyloliquefaciens 

(Boukhris et al., 2015). In addition, similar to the optimum 

temperature and pH values of the M-3 isolate in our study, 

55°C, pH 6.0 for B. licheniformis (Fasimoye et al., 2014) 

and 60°C, pH 5.5 for Bacillus sp. LA12 (Abdolshahi et al., 

2021) were determined in the literature. In other studies, 

the optimum phytase activity of P. aeruginosa is similar to 

the A-16 isolate at 37°C and pH 6.0-7.0 (Sasirekha et al., 

2012; Bulama et al., 2017). The results obtained show that 

the isolates used in the study have a wide environmental 

adaptability and the potential to be used in biofertilizer 

formulations adapted to specific soil conditions. 

 

Conclusion 

 

In this study, the phytase enzymes characterized from 

bacterial isolates exhibited a range of optimal pH and 

temperature profiles, indicating their adaptability to 

different environmental conditions. P. chlororaphis C-37A 

exhibited maximum activity under alkaline conditions (pH 

8.0, 50 °C), while B. megaterium M-3 (pH 6.0, 50 °C) and 

A. radiobacter A-16 (pH 6.0, 30 °C) showed peak activity 

under slightly acidic conditions.  Given their capacity to 

hydrolyze phytate and release inorganic phosphate under 

varying conditions, these isolates show promising potential 

for use in sustainable agriculture as components of 

biofertilizer formulations, particularly targeting 

phosphorus-deficient soils.  Future studies may concentrate 

on optimizing production conditions and assessing field 

performance to further support their practical application. 
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