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ABSTRACT: Phytases are enzymes capable of hydrolyzing phytic acid to less phosphorylated 

myo-inositol derivates. Phytases are becoming essential supplement to animal feeds. Bacillu ssp. 

produces a thermostable phytase which renders it suitable for commercial production. A locally 

isolated strain of Bacillus subtilis was used for the amplification of phytase gene. Amplicons of 1300 

and 1120bps were obtained by PCR. For the study twenty samples of water were obtained from hot 

springs found at different places in district Kotli village TattaPani (AJK). Plate streaking method was 

used for the isolation of pure bacterial colonies.  Single bacterial colony was purified after five 

passages on nutrient agar media. Screening of phytase producing bacteria was done by modified 

Phytase screening medium. Isolated colonies were spread on this medium which had Calcium phytate 

as substrate for phytase enzyme. Local isolate of Bacillus sp. was employed for amplification and 

isolation of phytase gene. Dubous salt medium was prepared in order to obtain the growth of Bacillus 

subtilis. Genomic DNA of Bacillus subtilis was extracted. Oligonucleotide primers were designed 

using primer-3 software program. Primers were blast in order to check the relevance and suitability of 

primers for amplification of desired gene. Consequently, a 1300bp gene, by using phy lit primer 

(primer set 3) was obtained after optimization of PCR conditions. Band size of desired gene for primer 

set 3 was 1300bp and 1059bp. For primer set 1 and 2 expected band sizes were 1120bp and 1236bp, 

respectively and these two primer set were also optimized. Thus it is concluded from the study that 

desired gene band of 1120bp as well as other non-specific bands of 100bp, 400bp and 800bp were 

obtained which is a clear indication of presence of phytase gene in hot springs. 
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INTRODUCTION 

 Cereals, legumes and oilseeds are the main 

ingredients of animal feed. Phosphorus is mainly stored 

in the form of phytic acid or phytate in the feed obtained 

from these plant sources (Lei and Porres, 2003; Haefner 

et al., 2005; Dev et al, 2016). Simple stomach animals 

mainly pig, birds (Ajith et al., 2018a) (including poultry) 

and fish cannot metabolize phytic acid phosphorus, 

because of the reason that they have very limited level of 

phytic acid degrading phytase enzyme activity in their 

digestive system (Maenz and Classen, 1998; Cao et al., 

2007; Secco et al., 2017; Ajith et al., 2019). Thus, in 

order to meet the nutritional requirements in poultry and 

swine feed inorganic form of phosphate is added 

frequently in feed (Oh et al., 2004; Demirkan et al., 

2016). In the feces of these animals, excess amounts of 

undigested phytate and inorganic phosphate are 

discharged which may contribute to the eutrophication of 

water by decreasing oxygen concentration and increasing 

algal growth in the areas of widespread livestock farming 

(Cho et al., 2006).  

 Phytase enzyme when added in feedstuffs 

increases minerals and phosphorus bioavailability in 

simple stomach animals and in environment it reduces 

phosphorus pollution (Lei et al., 1993; Maenz 2001; 

Singh et al., 2013; Kumar et al., 2017b).  Naturally, 

Phytases are found in microorganisms, plants and animal 

tissue (Konietzny and Greiner 2002; Ajith et al., 2018b). 

Microorganisms are the best source of phytase production 

that are frequently used and studied for phytase enzyme 

characterization (Haefner et al., 2005).   

 Many bacterial species show phytase enzyme 

activity particularly those which are associated with 

Bacillus and Enterobacter genera. Aerobacter aerogenes 

showed phytase enzyme activity as stated by (Greaves et 

al., 1967; Kumar et al., 2013; Neira et al., 2018), 

Escherichia coli showed phytase enzyme activity as 
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stated by Greiner et al., (1993). Pseudomonas specie 

showed phytase enzyme activity as stated by Cosgrove et 

al., (1970) and Bacillus subtilis also showed phytase 

enzyme activity as stated by Powar and Jagannathan 

(1982) and Shimizu (1992). Due to the reason that the 

optimum pH of these phytases is near to the poultry crop 

functional pH, they may be of more useful for poultry as 

feed additives.  

 Current intention is to isolate strain of bacteria 

which can produce effective and functional phytases 

which are thermostable at high temperature. Bacillus 

subtilis was the first bacterial specie that was first 

isolated and used to produce thermostable phytase (Kim 

et al., 1997; Lazali et al., 2013; Soni et al., 2018). 

Bacillus strain was used for the equivalent gene 

replication and screening of two phytases (Kim et al., 

1998; Kerovuoet al., 1998). The enzymes which were 

purified have almost 90% similarity at amino acid level. 

When compared with Bacillus phytases of other type, 

related biochemical and biophysical properties were 

confirmed by these two enzymes (Powar, 1982; Shimizu, 

1992). In modern era, numerous phytases obtained from 

Bacillus sp. were identified having unique characteristics 

e.g., heat-stability, substrate specificity, reaction 

mechanisms and highly neutral pH (Oh et al., 2001; Tye 

et al., 2002; Castillo et al., 2019). Hence, research should 

be performed on thermostable phytases that have broad 

temperature ranges i.e., above 50
o
C and high specificity 

as well as neutral pH as compared to fungal phytases to 

improve the bioavailability of minerals and phosphorous 

contents bound in the phytic acid or phytate (Pen et al., 

1993; Lucca et al., 2002). Present study was an effort for 

amplification and isolation of phytase gene from bacteria 

obtained from local resources of TattaPani (Aziz et al., 

2015). 

MATERIALS AND METHODS 

Sampling: Twenty samples of water were obtained from 

hot springs found at different places in district Kotli 

village TattaPani (AJK). For this purpose, sterile thermal 

glass bottles were used. The water samples were then 

brought to Molecular Biochemistry Laboratory (MBL), 

University of Agriculture Faisalabad for further 

processing.  

Isolation of Thermophilic bacteria: Plate streaking 

method was used for the isolation of pure bacterial 

colonies.  Single bacterial colony was purified after five 

passages on nutrient agar media. For checking the 

thermostability, isolated colonies of bacteria were 

incubated at different temperature ranges e.g. 50
o
C, 55

o
C, 

60
o
C, 65

o
C and 70 

o
C (Balsam et al., 2017). 

Screening of phytase producing bacteria: Screening of 

phytase producing bacteria was done by modified 

Phytase screening medium (Yoon et al., 1996). Isolated 

colonies were spread on this medium which had Calcium 

phytate as substrate for phytase enzyme. The positive 

indication is production of extracellular phytase 

production by bacteria whereas; the negative indication is 

absence of extracellular phytase production. 

Bacterial strain selection: Locally isolated, Bacillus sp. 

was employed for amplification and isolation of phytase 

gene. The strain identified as Bacillus subtilis was 

confirmed by Institute of microbiology, University of 

Agriculture Faisalabad.    

Sporulation media preparation: Dubous salt medium 

was prepared in order to obtain the growth of Bacillus 

subtilis. The plates as well as slants for sporulation of 

bacteria were kept in incubator at 40°C for 24 hours Van 

der Salm et al., 1994. 

 Genomic DNA of Bacillus subtilis was extracted 

by using the technique given by Yamada et al., (2002). 

The DNA pellets were washed with 70% ethanol, air 

dried, re-suspended in 50 μL TE buffer (Yamada, 2002). 

Quantification of extracted DNA samples was done by 

using Nano Drop (Thermo Scientific) 2000c. The 

absorbance ratio 260/280nm and DNA concentration 

μg/mL was noted for record.  

 Oligonucleotide primers were designed using 

primer-3 software program. Three sets of phytase gene 

specific oligonucleotide primers were designed according 

to nucleotide sequence of phytase gene in NCBI. Primers 

were blast in order to check the relevance and suitability 

of primers for amplification of desired gene. The detail of 

primers is given below: 

Primers set 1 
BPHYc1120F  5′-AAG CAT AAG CTG TCC GAT CC-3′ 

BPHYc1120R  5′-TTC TTC ACA TGC AAA AAG CAG-3′ 

Primers set 2 

PHYbs1236F  5′-CTC ACA TTC GGA CAA TCT TCA C-3′ 

PHYbs1236R  5′-GCT TCT GTC GGT CAT TTT TCT C-3′ 

Primers set 3 
PhyC F     5′-CTG TCT GAT CCT TAT CAT TT-3′ 

PhyC R   5′- TCC GCT TCT GTC GGT CA - 3′ 

 



Pakistan Journal of Science (Vol. 71 No. 1 March, 2019) 

 6 

 The PCR conditions were optimized for the 

successful amplification of phytase gene. Two µL of 

DNA was added in two autoclaved PCR tubes (500 µL) 

independently. Forward and reverse primers each amount 

2 µL was added independently in two tubes having DNA.  

Concentration of MgCl2 was optimized by adding it in 

range of 1.5 mM -3.5 mM. Taq buffer 2 µL, dNTPs 2 µL 

and Taq DNA polymerase 0.4 µL were added and the 

volume was prepared to 20 µL. The PCR tubes were then 

incubated in thermocycler at different annealing 

temperatures, ranging from 46to 56°C. At the end, PCR 

products were run on 1% agarose gel having 1X TAE 

buffer.  

 After that, PCR conditions were optimized by 

running PCR on different annealing temperatures ranges 

from 46 °C to 56 °C and by changing MgCl2 

concentration ranges from 1.5 mM-3.5 mM. The following 

PCR profile was set on thermocycler: Initial denaturation 

was carried out at 95°C for 5 minutes, annealing was 

carried out at 49°C for 1 minute while extension was 

carried out at 72°C for 1 minute. The PCR products were 

then run on 1% agarose gel with 1X TAE buffer. 

RESULTS 

 Four isolates were found thermostable as their 

growth maintained at different temperatures of 50°C, 

55°C, 60°C, 65°C and 70°C, respectively. 

 None of the isolated colonies of bacteria 

produced translucent region on PSM medium which was 

clear indication that no one of them was phytase 

producing. That’s why a local isolated strain, which was 

renowned for its phytase activity, was then employed for 

further study. 

 

 
Figure-1. Samples of DNA isolated from Bacillus subtilis using phy lit primer 

 

PCR Specific and Non Specific Amplification at 49 
o
C 

Annealing Temperature and 3 mM MgCl2 by using 

primer set 3: Consequently, a 1300 bp gene, by using 

phy lit primer (primer set 3) was obtained after 

optimization of PCR conditions. Band size of desired 

gene for primer set 3 was 1300bp and 1059bp. For primer 

set 1 and 2 expected band sizes were 1120b and 1236bp, 

respectively and these two primer set were also optimized 

later on. 

 

 
Figure- 2: Specific and Non-specific amplification of 1300 bp Phytase gene together with non-specific bands. 
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 Polymerase Chain Reaction at 49 
o
C annealing 

temperature shows Specific and Non-specific 

amplification. Lane 1 displays specific amplification of 

1300 bp Phytase gene together with non-specific bands. 

Lane 4 shows 1Kb DNA ladder. Lane 2 and 3 displays no 

amplification. Polymerase Chain Reaction for phytase 

gene amplification using 3 sets of primers at 47 
o
C 

annealing temperature and 3mM MgCl2 concentration:  

 

 
Figure- 3. Phytase gene amplification. 

 

 Polymerase chain reaction for phytase gene 

amplification using three sets of primers. L1 displays phy 

gene amplification employing primer set 1. Similarly L3 

and L4 display phy. gene amplification employing primer 

set 2. L5 and L6 shows gene amplification by primer set 

3. L10 displays 1 Kb DNA marker. Remaining lanes 

display no amplification. Polymerase Chain Reaction 

phytase gene amplification results at 49 
o
C annealing 

temperature and 3mM MgCl2 concentration using two 

sets of primers PCR reaction was performed by keeping 

all other conditions same. Only annealing temperature 

was changed as it was kept on 49 
o
C and 2.4 µL MgCl2 

concentrations was used for 20 µL PCR samples and 6 

µL for 50 µL PCR sample. 

 

 
Figure- 4. Amplification of Phy gene at 49 

o
C annealing temperature. 

 

 Lane 1 and 2 displays non- specific gene 

amplification using primer set 2. Lane 3 displays 1 Kb 

DNA marker. Lane 4 and 5 displays phytase gene 

specific and non-specific amplification using primer set 

1. Desired gene band of 1120bp as well as other non-

specific bands of 100bp, 400bp and 800bp was obtained. 

Lane 6 displays 1 Kb DNA marker. 

DISCUSSION 

 Animal feeds are naturally pelleted in a practice 

which includes short exposure at temperature above 

80°C. Therefore, enzymes use in feed must be 

thermostable and also functional fully at body 

temperature. That’s why thermostable bacteria were 

preferred to produce Phytase enzyme. From all the 

natural fungal phytases, only Aspergillus fumigatus is 
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capable of keeping its enzyme activity at 100 °C for 

above 20 minutes and at this temperature this enzyme 

only loses 10% activity (Pasamontes et al., 1997; Balsam 

et al., 2017). While all fungal phytases other than these 

display structural changes and reduce enzyme activity 

while exposed to high temperature (Berka et al., 1998; 

Wyss et al., 1999; Singh et al., 2013). In distinction, in 

comparison, phytase enzyme produced by TS-phyin B. 

amyloliqueficiens, maintained 50% enzyme activity when 

kept at 90 °C for 10 minutes the phyCphytase of Bacillus 

subtilis maintained 61% enzymatic activity when kept at 

95°C for 15 minutes (Ha et al., 2000; Aziz et al., 2015). 

Therefore, PhyCphytase obtained from Bacillus subtilis 

was highly thermostable (Méndez-García et al., 2015). 

Thus, because of its greater thermal stability, PhyC 

phytase was a better candidate for commercial use in 

feed-pelleting applications.  

 In modern times, numerous phytases had been 

identified and purified from Bacillus sp. that have 

distinctive features e.g. substrate specificity, 

thermostability, reaction process and neutral pH (Oh et 

al., 2001; Kumar et al.,2013; Tye et al., 2002; Lazali et 

al.,2013). 

Conclusion: It was concluded from the study that 

genomic DNA of Bacillus subtilis was extracted. 

Oligonucleotide primers were designed using primer-3 

software program. Primers were blast in order to check 

the relevance and suitability of primers for amplification 

of desired gene.  Thus it was concluded from the study 

that desired gene band of 1120bp as well as other non-

specific bands of 100bp, 400bp and 800bp were obtained 

which is a clear indication of presence of phytase gene in 

hot springs. 
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