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ABSTRACT
In the study, phytase was purified in three simple steps comprising ammonium
sulphate precipitation, anion exchange and gel filtration chromatography from
Weissella halotolerans. The enzymewas obtainedwith a specific activity of 227.73
EU/mg and 6.52% recovery. The molecular mass of the enzyme was determined
to be 41.52 kDa. The optimumpH and temperature for the enzymewere 6.0 and
50°C, respectively. Furthermore, the effects of metal ions on the enzyme were
investigated. Ag+, Zn2+, Cr2+ and Fe2+ ions inhibited phytase by 21.86, 25.63,
32.82 and 90.43%, respectively, whereas Co2+, Cu2+, Pb2+, Cd2+ ve Mn2+ ions
increased the enzyme activity.
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Introduction

Phytic acid (myo-inositol hexakisphosphate) is a common compound of plant-derived foods and
constitute 1–5% of edible cornflakes, pollen, and hazelnut oil and seeds in weight. It is an organic
form of phosphorus that constitute 60–90% of the total phosphorus content and plays an anti-nutritive
role.[1–3] Although they are important in many physiological functions, especially in seed germination,
phytates are solely considered as anti-nutritive compounds because they bind starch and proteins.
Phytases affect protein digestion and interact with proteins, and even inhibit the activity of digestive
enzymes. They also have a strong chelating effect on divalent minerals including Ca2+, Mg2+, Zn2+ and
Fe2+.[4] Although it is a strong chelator of iron and zinc in herbal foods, as a result of being a mediator
for these metals, phytate actually acts as an antioxidant that reduces their free radical forms.[4] The
effective degradation of phytic acid is obtained through both enzymatic and non-enzymatic
degradation.[5] Enzymatic degradation is obtained by using phytase that was derived from a variety
of fungus and bacteria. Non-enzymatic hydrolysis is used during food processing or the physical
removal of phytate from phytate-rich plant seeds to reduce the phytate levels in end food products.[6]

Phytase (myo-inositol hexakisphosphate phosphohydrolase E.C. 3.1.3.8) disintegrates the phosphoric
monoester bonds in phytic acid and phytate. This results in a series of phosphate ester release frommyo-
inositol; therefore, it gained a quick worldwide acceptance as a food additive and animal feed.[7] In the
last two decades, it drew the attention of scientists and entrepreneurs for its nutrition, environmental
protection and other biotechnological applications. Phytases have many applications in myo-inositol
phosphate preparation.Moreover, they are used as precursors and soil improvers in the semi-synthesis of
peroxidases in the paper industry and in plant growth.[2] In addition, along with their applications in
aquaculture, [8–10] they have important applications in human nutrition; [11] hence, phytases are widely
used as food and feed additives and are used to reduce phosphorus pollution in animal feed.[12]
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Bacterial phytases have a significant advantage over fungal phytases thanks to their high tem-
perature stability, phytate substrate specifity, resistance to proteolysis and wide pH profile; thus, the
purification and characterisation of phytases, which have thermostability and are active at neutral
pH, are important in industrial applications. In the study, phytase was purified from lactic acid
bacteria, Weissella halotolerans, in three steps comprising ammonium sulphate precipitation,
Q-Sepharose anion exchange chromatography and Sephadex G-100 gel filtration column. The
characteristic properties of the enzyme were determined and the effects of metal ions on the enzyme
activity were investigated.

Material and method

Chemicals

All chemicals used in the study were reagent grade and purchased from Sigma Chemical Co. (St.
Louis, MO) and Merck Millipore (Darmstadt, FRG).

Microbiological methods

Isolation of bacterial microorganisms
The standard MRS (Man, Ragosa and Sharpe) Broth and MRS Agar media were used for isolation. After
the dilutions were prepared from various sources, they were inoculated into the MRS agar. The pour
plate and spread plate methods were used and isolations were carried out in triplicate. Microorganisms
were incubated at 33-37°C and the resultant colonies were re-inoculated to obtain pure cultures.

Conservation of the bacterial culture
A loopful of bacteria were taken from the 24-h pure culture and transferred to Eppendorf tubes
containing 500 µl of 30% glycerol and 500 µl of LB (Luria-Bertani) Broth (prepared by adding 10 g
tryptone, 10 g NaCl and 5 g yeast extract to 1 L dH2O) and labelled; then, they were stirred in a
stirrer and stored at –80°C for future use. Later, the bacteria grown on MRS agar were inoculated
into the prepared MRS Broth (Oxoid) medium to carry out their transfer to a liquid medium and left
for incubation at 33-35°C for 7 days.

Determination of some genetic properties of the isolates
For DNA sequencing, 16S rDNA regions were amplified with PCR. The resultant amplicons
were sent to Macrogen Inc. for service procurement.

(a) The Isolation of the Genomic DNA of the Isolates: The young cultures of the isolates were
prepared for genomic DNA isolation. DNA isolation from the bacteria that were precipitated
by centrifuging the young cultures was carried out based on the method.[13]

(b) The Amplification of the 16S rRNA gene with PCR: The region that synthesises 16s rRNA,
which is valuable for the bacteria systematics, was chosen as the target region and amplified
by using universal primers [27F (forward 5ˊ-AGA GTT TGA TCC TGG CTC AG-3ˊ), 1492R
(reverse 5ˊ-GGT TAC CTT GTT ACG ACT T-3ˊ)] under in vitro conditions.[13,14]

(c) Determination of the Base Sequence of the 16S rRNA Gene and Its Comparison to The
Sequences in the GenBank Database: The base sequence analysis of the 16S rDNA genes
amplified with PCR was carried out with automated sequence analysers (Automated sequence
analysis was procured from Macrogen, Inc.). The resultant 16S rDNA sequences were
compared to the bacterial sequences recorded in the GenBank database (http://blast.ncbi.
nlm.nih.gov/blast.cgi) (BLAST analysis). The similarity rates of the sequences were deter-
mined based on this comparison and their GenBank accession numbers were recorded.[15]
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Purification of phytase

Ammonium sulphate precipitation
The entire purification process was carried out at +4°C unless otherwise indicated. Following the
7 days-long growth of Weissella halotolerans, phytase obtained from Weissella halotolerans was
centrifuged at 24000xg for 30 minutes. The supernatant was taken after centrifugation and gradually
precipitated with solid ammonium sulphate at 0–20%, 20–30%, 30–40%, 40–50%, 50–60%, 60–70%
and 70–80% saturations, respectively.[16,17] During each precipitation, centrifugation was carried out
at 24000xg for 20 minutes. The pellet was dissolved in 50 mM pH 5.5 sodium acetate buffer. The
sample obtained with ammonium sulphate precipitation was transferred to a dialysis bag and
dialysed against the dialysis buffer (10 mM pH 5.5 sodium acetate).

Q-Sepharose anion exchange chromatography
The enzyme solution obtained after dialysis was administered to the Q-Sepharose anion exchange
column that was equilibrated with 50 mM pH 5.5 sodium acetate buffer. Gradient elution was
carried out by using 0–1 M NaCI. Column flow rate was adjusted to 15 mL/h and the elutions were
transferred to tubes with 3 mL volumes. The activity of each elution was determined at 700 nm. The
tubes that showed activity were combined with each other.

Sephadex G-100 gel filtration chromatography
The enzyme solution obtained with Q-Sepharose was administered to the Sephadex G-100 column
that was equilibrated with 50 mM pH 5.5 sodium acetate buffer. The Sephadex G-100 gel filtration
column was prepared as in our previous studies.[16,18] Then, 1 mL elutes were transferred to tubes.
The activity of each elutions was determined at 700 nm.[19]

Determination of the phytase activity
Phytase activity was determined according to the study carried out by Zou et al.[19] The phytase-
containing samples (0.1 mL) were incubated at 50°C for 10 minutes after 0.25 mL of 2 mM sodium
phytate (dissolved in 100 mmol/l sodium acetate at pH 5.5) was added. Following the hydrolysis,
10% (w/v) trichloroacetic acid (TCA) was added and the reaction was terminated. The inorganic
phosphate that was released from sodium phytate was determined by adding ammonium molybdate,
sulfuric acid, and ferrous sulphate, calorimetrically. After the 15 minutes reaction, the sample was
measured against the blind sample at 700 destaining nm. The phytase unit was defined as the activity
that releases 1 μmol of inorganic phosphorus per minute from sodium phytate.

Protein determination
The protein concentration was measured according to the Bradford method by staining with
Coomassie Brilliant Blue G-250 and using bovine serum albumin as the standard.[20]

SDS-PAGE analysis
After the enzyme purification, the purity degree of the enzyme was controlled according to the
Laemmli’s method by using 3–8% batch sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE).[21] The electrophoresis process was carried out according to our previous articles.[16,22]

The gel was stained with the silver staining method and photographed after destaining.

Optimum and stable pH study
In the optimum pH study, enzyme activity was measured by using 100mM sodium acetate (pH 2.0–6.0),
Tris-HCI (pH 7.0–9.0) and sodium carbonate (pH 10.0–12.0) buffer solutions and the pH value at which
the enzyme shows the maximum activity was determined. In the stable pH study, the enzyme was kept in
the above mentioned buffer solutions and its activity was measured every 12 h for 4 days.[23]
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Optimum temperature and temperature stability studies
The temperature was investigated using sodium phytate as the substrate at between 10 and 90°C. To
determine the temperature stability, the enzyme was kept at each temperature range for 3 h and
measured at 30 minute-intervals.[23]

Effects of metal ions on enzyme activity
The effects of metal ions on phytase were determined by adding Ca2+, Mg2+, Cr2+, Co2+, Cu2+, Zn2+,
Ag+, Pb2+, Ni2+, Mn2+, Hg2+, Cd2+ and Fe2+ metal ions at 1 mM and 5 mM final concentrations and
measuring enzyme activity. The sample that did not contain metal ions was used as the control
sample.

Results

Isolation of Weissella halotolerans strain from fermented food products and its
identification

The bacteria were isolated from various sources. Identification studies were carried out after the
isolated bacteria were cultured on MRS agar with the streak plate inoculation. DNA isolation was
performed for identification. The resultant PCR product was sent to Macrogen Inc. The bacteria
were identified according to the 99% sequence similarity (NR_040812.1). Its young culture was
obtained and stored as a stock culture. The catalase test and gram staining of the phytase-positive
strains were carried out to identify the strains as Weissella halotolerans.

Purification results

As summarised in Table 1, the purification of phytase was carried out in simple three steps
comprising ammonium sulphate precipitation, Q-Sepharose anion exchange chromatography and
Sephadex G-100 gel filtration chromatography. After ammonium sulphate precipitation, approxi-
mately 25% of the total protein was removed; after Q-Sepharose, the removal of approximately 77%
of the total protein was achieved. The enzyme was purified 11.38-fold with a specific activity of
227.73 EU/mg and 6.52% recovery.

Figure 1 shows the elution profiles of Q-Sepharose anion exchange column chromatography and
Sephadex G-100 gel filtration chromatography. As seen in Fig. 1A, the tubes that showed phytase
activity were combined with each other and administered to the Sephadex G-100 column, which was
the last step of purification. As seen in Fig. 1B, the tubes between 20 and 28 showed the highest
phytase activity when compared to the other tubes. The purified enzyme showed a single band. The
molecular mass of the enzyme was determined to be 41.52 kDa (Fig. 4).

Table 1. Purification steps for phytase from Weissella halotolerans.

Purification step
Activity
(EU/mL)

Volume
(mL)

Protein
(mg/mL)

Total
protein
(EU)

Total
activity
(mg)

Specific
activity (EU/

mg)
Recovery

(%)
Purification

fold

Crude extract 104.71 25 5.23 130.75 2617.75 20.02 100 1
Ammonium sulfate
precipitation (0–80%)

78.14 25 2.71 67.75 1953.5 28.83 74.63 1.44

Q-Sepharose anion
exchange
chromatography

50.46 12 1.17 14.04 605.52 43.13 23.13 2.15

Sephadex G-100 gel
filtration
chromatography

34.16 5 0.15 0.75 170.8 227.73 6.52 11.38

S2130 Y. DEMIR ET AL.



The effect of pH and temperature on the activity and stability of phytase

Weissella halotolerans showed maximum phytase activity at pH 6.0 (Fig. 2A). Enzyme activity did
not show a significant change between pH 2.0 and 8.0 and maintained its stability (Fig. 2B). In this
range, it lost approximately 20% of its activity. This result was similar to the result obtained with
E. coli ATCC 33965 phytase.[24] This result showed that the purified enzyme was acidic phytase. This
property allows the enzyme to show activity in the stomach (pH 2.0–4.5) and is noteworthy in terms
of using the enzyme as animal feed. Optimum temperature varies between 33 and 37°C for most
phytases.[25] The optimum temperature for phytase purified from Weissella halotolerans was 50°C
(Fig. 3A). The temperature stability showed that enzyme maintained its activity after being kept at
10-90°C for 3 h (Fig. 3B). This result showed that the phytase purified from Weissella halotolerans
had thermostability and can be preferred in the food industry.

Effects of metal ions on the phytase activity

The effects of metals on phytase are given in Table 2. This results showed that the enzyme activity was
inhibited in the presence of Ag+, Zn2+, Cr2+ and Fe2+ by 21.86, 25.63, 32.82 and 90.43%, respectively,
whereas it showed an increase in the presence of Co2+, Cu2+, Pb2+, Cd2+ and Mn2+. The enzyme
activity showed no significant change at the 1 and 5mM concentrations of Mg2+ and Ca2+ ions. This
result revealed that the enzyme maintained its activity in the presence of Mg2+ and Ca2+-phytic acid
complexes.
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Figure 1. (a) Elution profile of Q-Sepharose anion exchange chromatography. The Q-Sepharose anion exchange column was
equilibrated with 50 mM pH 5.5 sodium acetate buffer. Gradient elution was carried out by using 0–1 M NaCI. (b) Elution profile of
Sephadex G-100 gel filtration column chromatography. The Sephadex G-100 gel was equilibrated with 50 mM pH 5.5 sodium
acetate buffer. The elutions obtained the Q-Sepharose column was applied to the Sephadex G-100 column for purification.
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Discussion

Phytases catalyse the gradual separation of phosphate from phytic acid or the hydrolysis of phytate to
degraded inositol phosphate esters and inorganic phosphate.[12] Phytases usually have 40–100 kDa
molecular weight and are considered to be monomeric proteins. They have a wide substrate specifity
and their optimum pH and temperature are usually between 4.5 and 6.0; 45 and 60°C, respectively.[26]

It was reported that phytases could be found in plants, animal tissues and microorganisms. Many
researchers found microbial phytase promising for commercial production.[27]

In the study, phytase was simply purified from Weissella halotolerans lactic acid bacteria and the
effects of some metals on its activity were investigated. In other studies, phytase was purified from
different sources and characterised to determine its biochemical properties and investigate its
possible applications in the industry. Phytase was purified at 11.38-fold with a specific activity of
227.73 EU/mg and the molar mass of the enzyme was found 41.52 kDa in the present study.

Similar to our study, Boukhris et al.[28] partially purified phytase from Bacillus amyloliquefaciens
US573 at 6-fold with a specific activity of 27 EU/mg and 52% recovery and the molecular mass of the
enzyme was 42 kDa. Also, Escobin-Mopera et al.[29] purified phytase from Klebsiella pneumoniae
9-3B at 241-fold and with 1.81% recovery in four steps using ammonium sulphate precipitation and
HiPrep SPFF, HiPrep QXL and Superdex 75 columns and the molar mass of the enzyme was 45 kDa.
In another study, Parhamfar et al.[30] purified phytase from Geobacillus stearothermophilus strain
DM12 at 57.2-fold and with 71.5 EU/mg specific activity by using the same method used in this
study and determined the molecular mass of the enzyme to be 28 kDa. The molecular mass of the
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Figure 2. Optimum and pH stability studies were carried out by using 100 mM sodium acetate (pH 2.0–6.0), Tris–HCI (pH 7.0–9.0)
and sodium carbonate (pH 10.0–12.0) buffer solutions. a-) Optimum pH profile for the purified phytase b-) pH Stability study for
the purified phytase.
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enzyme purified from Lactobacillus sanfranciscensis CB1 was 50 kDa.[31] Roy et al.[32] determined the
molecular mass of the enzyme purified from Shigella sp. CD2 to be 43 kDa. In terms of molar mass,
our finding are compatible with the results reported in the literature.

As it is well known, enzyme purification is a difficult process. Enzymes are susceptible to
changing conditions; therefore, the presence of enzymes is determined depending on the substrate
molecule affected by the enzyme, the product occurring after the reaction or other precursor
parameters for the enzymatic reaction. The factors that affect enzyme activity are enzyme concen-
tration, substrate concentration, temperature, pH, allosteric effects, ionic strength and the presence
of inhibitors and activators.

Every enzyme has a maximum pH at which its activity is optimum. Above this pH, the three-
dimensional structure of the enzyme deteriorates and its activity decreases. In the study, the optimum
pH value of the purified phytase was 6.0 and its stable pH value was between 2.0 and 8.0. In the
literature, the preceding studies on phytase found different values from our study for optimum pH and
stable pH. The maximum activity was found as 5.5 for extracellular L. plantarum phytase [33], whereas
L. sanfranciscensis CB1 (intracellular) phytase had maximum activity at pH 4.0.[31] The optimum pH of
the intracellular phytase isolated from Lactobacillus fermentum DSM 20052 and Lactobacillus casei 40W
was 6.5; the activity of the phytase isolated from Lactobacilllus casei reached its maximum at two
different pH values as 5.5 and 7.0; the optimum pH of the phytase isolated from L. plantarumW42 and
L. plantarum JBPRS was 6.0–6.5; the optimum pH of the phytase isolated from L. plantarum 110 was
7.5.[34] In et al. reported that the optimum pH of the phytase from Pseudomonas fragi Y9451 was 4.5 and
its stable pH was in the 4.0–6.0 range.[35] Kim et al. determined that the pH at which the phytase from
Citrobacter braakii YH-15 showed maximum activity was 4.0.[36]
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The optimum temperature for phytase activity was determined to be 50°C. In the present study,
this result showed a similarity to phytases from Aspergillus japonicus BCC18313 (TR86), A. niger
BCC18081(TR170) and E. parvum BCC17694.[37,38] Although the optimum temperature of phytase

Figure 4. 1st, 2nd and 3rd bands are phytase enzyme on SDS-PAGE. The bands are the ammonium sulphate precipitation of the
phytase enzyme solution and standard proteins in 5th and 6th well, respectively. The electrophoresis method was carried out
according to the Laemmli’s procedure.

Table 2. The effects of metal ions on phytase purified from Weissella halotolerans.

Metal ion Final concentration in reaction mix (mM) Phytase activity (%)

Ca2+ 1.00
5.00

96.630
93.060

Co2+ 1.00
5.00

97.420
103.17

Ni2+ 1.00
5.00

94.250
84.330

Cu2+ 1.00
5.00

96.030
113.69

Hg2+ 1.00
5.00

89.360
86.650

Mg2+ 1.00
5.00

93.650
95.040

Pb2+ 1.00
5.00

106.94
110.91

Zn2+ 1.00
5.00

85.040
74.370

Cr2+ 1.00
5.00

90.470
67.180

Cd2+ 1.00
5.00

106.15
111.11

Mn2+ 1.00
5.00

97.060
109.33

Ag+ 1.00
5.00

82.140
78.140

Fe2+ 1.00
5.00

17.660
9.5700
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obtained from Enterobacter was same as the phytase obtained in our study, it showed activity at
neutral pH.[27] Seo et al.[39] determined that the optimum activity temperature of the phytase isolated
from Aeromonas sp. LIK 1–5 was 50°C and the activity significantly decreased at 60°C. Kim et al.[36]

determined that the optimum activity temperature of the phytase isolated from Citrobacter braakii
YH-15 was 50°C and the activity significantly decreased at 55°C.

In the temperature stability study for the purified phytase, although the enzyme was subjected to
temperatures between 10 and 90°C for 3 h, it lost its activity approximately 25%. Thermostability can
be viewed as an important criterion of the usability of phytase in industrial applications. Similar to
our finding, in another study, it was determined that phytase derived from L. sanfranciscensis CB1
maintained 70% of its activity even at 70°C.[29]

For catalytic activity, 75% of all of the known enzymes require metal ions. Metal ions immensely
affect enzyme activity through various pathways. By donating and receiving electrons, they activate
as electrophiles or nucleophiles, can suppress the effect of nucleophiles to prevent undesirable side
reactions, can gather enzymes and substrates together through coordinate bonds and simply stabilise
the catalytic active conformations of enzymes.[40] The effect of metal ions on phytase depends on
microbial species, chain and phytase production capacity.[41]

The investigation of the effects of metal ions on phytase by adding metal ions at 1 and 5 mM final
concentrations revealed that the activity of phytase decreased in the presence of Ag+, Zn2+, Cr2+ and Fe2+

ions and increased in the presence of Co2+, Cu2+, Pb2+, Cd2+ ve Mn2+ ions. Yu and Chen [42] investigated
the effects of Cu2+, Co2+, Mn2+, Ba2+, Zn2+ ve Ni2+ ions on the phytase purified from Bacillus nealsonii
zj0702 and reported that, at their 5 mM concentrations, Co2+, Ba2+, Zn2+, Ni2+ ions strongly inhibited the
enzyme.

Roy et al[32] determined that Fe2+, Zn2+ and Cu2+ addition to phytase from Shigella sp. CD2
decreased enzyme activity by 65, 72 and 82%, respectively, whereas Ca2+, Mn2+, Mg2+ and Co2+

increased enzyme activity. The phytase from A. japonicas BCC18313 and A. Niger BCC18081 was
inhibited by Zn2+ and Cu2+, [24] whereas the phytase from Selenomonas ruminantium JY35 was
inhibited by Zn2+, Cu2+, Fe2+ and Hg2+ metal ions.[43]

Our results showed that Ag+, Zn2+ and Fe2+ ions significantly inhibited the enzyme. Similar
results can be found in the related literature. A similar characteristic property was observed in the
phytase from Klebsiella oxytoca MO-3.[44] The inhibitory effect of Fe2+, Zn2+ and Ag+ metal ions
may have originated from reducing the usability of phytate by binding with the enzyme and forming
poorly soluble metal-phytate complexes. In addition, Co2+ metal ion increased enzyme activity. This
result is similar to the result obtained with the phytase from Klebsiella pneumonia.[45]

In this study, the phytase purified from Weissella halotolerans was characterised. As a result of the
advancing enzyme technology, the diversity of enzyme applications and the considerably high
economic value of enzymes, the biotechnology studies on industrial enzymes is gaining further
importance. Our findings indicate that the purified phytase can be used in the industry and its
economic value can be utilised thanks to its characteristic properties.
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