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Phytase (myo-inositol-hexakisphosphate phosphohydrolase, (EC 3.1.3.8) has
been purified from a novel isolated Bacillus cereus EME 48, from environmental samples
based on their ability. The enzymes were purified and characterized, using a three-step
purification procedure with 12.3-fold. The optimum pH for phytase activity was in the
range of 4.0 to 5.0 and the optimum temperature was 40 to 60°C for 10 min. The metal ions
MgCl,, CoCl,, NiCl, and KCl, did not show any inhibitory effect on the phytase activity of
Bacillus cereus EME 48. Strongly inhibited by FeCl,, Na Florida, EDTA, DTT, AICI, and
ZnCl, but significantly stimulated by MgCl,, BaCl, MnCl, and CuCl,. The enzymes were
active in the pH range of 5.0 to 6.5 with pH optima at 5.5. The enzyme from Bacillus
cereus EME 48 retained about 80% activity up to 75°C. It was highly specific to sodium
phytate as the substrate. Km for phytate was estimated to be 0.23 mmol and especially for
penta- and tri-phosphate esters of myo-inositol. Due to their relatively high specific
activity, substrate specificity, good pH profile and thermostability, the enzymes could be
interesting candidate for agricultural and feed application.
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Phytate is of great interest in human
nutrition, feed technology, food and medical
science!. Researchers, as this interest has
generated a wealth of relevant information. The
negative effect of phytate onthe availability of Ca
and zinc, in food stuffs has been extensively
investigated. Phytatein human dietsisalso claimed
to have benefits, such as anti-carcinogenic effect?.
Animal nutritionists have long regarded phytate
as both indigestible and an anti-nutritional factor
for non-ruminant animals®. Phytateisapolyanionic
molecule with the potential to chelate positively
charged nutrients, which is almost certainly
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fundamental to the anti-nutritive properties of
phytate. These anti-nutritive properties require
further investigation, but phytate probably
compromisesthe utilization of protein/amino acids,
energy, calcium and trace minerals. Phytase, which
occurs widely throughout nature, is the requisite
enzyme to degrade and release inorganic P* If the
practical acceptance of microbial phytasein poultry
diets continues, it is likely that phytase feed
enzymes will re-define nutrient requirements for
sustainable poultry production in the future.
Nevertheless, three decades elapsed before an
Aspergillus niger-derived phytase feed enzyme,
with the capacity to liberate phytate-bound P and
reduce P excretion, was commercially introduced
in1998°.

Phytic acid (myo-inositol 1,2,3,4,5,6 -
hexakisdihydrogenphosphate) and mixed cation
salts of phytic acid, designated as phytate, are a
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group of organic phosphorus (P) compounds
found widely in nature especially in legumes,
cereals, and oil seed crops®. Phytic acid, whichis
the main constituent of animal diet, isnot digested
by monogastric animalsand hence, create problem
in the availability of phosphorus in their diet.
Various reported phytase-producing isolates and
showed that the phytases with broader substrate
specificity generally had low specific activities.
Despite the considerable economic interest, low
yield and high cost of enzyme production are the
limiting factorsin using thisenzymein animal diet.
It also causes environmental pollution by extra
supplemented phosphorus in animal’s diet’.
Phytases are the primary enzymes responsible for
the hydrolysis of phytic acid®. Hence, phytases
are considered to be potential candidate for use as
an enzyme that have great value in enhancing the
nutritional quality of phytate-rich foodsand feed®.

In recent years, bacterial phytases have
been isolated, characterized and proposed as
potential tools in biotechnology. The highest
frequency of phytase-like proteins has been
reported in members of the gamma-proteobacteria
group. Pureculture studies of ruminal bacteriahave
demonstrated phytate- degrading activity in
various strains belonging to the
Enterobacteriaeceae family, such asin Enterobacter
coli, Klebsiella, Citrobacter, Yersiniaetc. Here, we
report a comparative study on isolation,
purification and characterization of phytasesfrom
two enteric bacteria™.

Two big goals for this study, first is to
produce the microbial phytase from new isolate
microorganisms. Second, study carried out to
purify and characterize phytase from Bacillus
cereus EME 48. To our knowledge, thisis afirst
report on the purification and prpoperties of
phytase from Bacillus cereus EME 48.

MATERIALS AND METHODS

Cultureconditionsand samplepreparation

The following liquid media was used to
cultivate theisolate bacteriaBacilluscereusEM E
48contained (% wi/v): Dextrose 0.5; peptone 1,
yeast extract 0.5; MgSO4 0.1; CaCl2 0.1, sodium
phytate 0.1 (pH 7.0) Kim et a*. The mediacontents
were completed to one liter, then the pH was
adjusted at 7.0, the bacteriawasincubated at 30 °C
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for 5 days

Purification of crud extracellular phytase
produced by Bacillus cereus EME 48
Partial purification of phytase

The present experiment included the
purification of extra cellular phytase using
preci pitation with ammonium sulphate, ethanol, and
acetone or using ultrafiltration methods according
to the method of Greiner and Alminger (12)

Gel filtration of extra cellular phytase using
sephadex G-100

Sephadex G-100wasused as gel filtration
for the enzyme purification. 7 ml of extracellular
phytase obtained from ultrafiltration contain 200
mg/ml protein was applied to a sephadex G-100
column chromatography (108 x 2.6 cm) which had
been equilibrated with 0.1 M Trisbuffer at pH 7.0
at 11 °C. Elution was carried out with the same
buffer. Fiveml fractionswere collected at flow rate
of 33ml/h.

Anion exchange of extracellular phytaseusing
DEAE- sephadexAS0

Cellulose DEAE-52 was used as anion
exchangefor enzyme purification. Active Fraction
(22-30) was obtained from Sephadex G-100 column
chromatography while contained (8.8mg protein)
waslyophilized and dissolvedin 1 ml of 0.1 M tris
buffer then applied to thetop of DEAE Sephadex -
A52 column chromatography (35 cm x 2.5 cm)
previously equilibrated with 0.1 M trisbuffer at pH
7.0at11C.

At first, the unbounded protein was
removed by washing with the same buffer, and
then enzyme was eluted by gradient elution using
sodium chloride (0.0 to 1.0 M) in 0.1M Tris HCI
buffer at pH 7.0. The flow rate was adjusted to 50
mi/h and 5 ml fractions were collected from the
effluent.

Phytaseand protein assay

0. 1 ml of the phytase sample was mixed
with 1.24 ml acetate buffer containing 0.2% sodium
phytate and incubated at 39°C for 15 min. The
reaction was terminated by adding 1.25 ml 5%
trichloroacetic acid (TCA)®. A unit of phytase
activity is defined as the amount of enzyme that
liberates 1limol P/min under the given assay
conditions. Protein concentration was measured
by the method of Bradford using a protein assay
kit (Bio-Rad Lab., Richmond, CA) with bovine
serum abumin as the standard.
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Char acterization of phytaseactivity

The purified phytase was used for
phytase activity characterization. All tests were
repeated three times, each with triplicates.
Effect of temperatureon thestability of phytase
enzyme

Thethermal stability of the extracellular
purified enzyme was determined by storage the
enzyme suspensions at different temperaturein a
water bath set (20-80 °C) for different times (O
minuts-24 hours), then the enzymes activity were
determined in each case.
Effect of pH on thephytasestability

Inthisexperiment, 1 ml of 0.15 M acetate
buffer at pH values ranged between 3.5-6 were
stored at room temperature with 1 ml of purified
phytase enzyme solutions. The storag time was
between 0 min. - 48 hours. The remains enzyme
activity wasthen determined at 55 °C and pH 5.5.
Control was carried out using pH 5.5.
Effectsof ionson phytaseactivity

In thisexperiment, the metal ionsusedin
the experiment were MgCl,, MnCl,, ZnCl, BaCl,,
CucCl, AlCl,, CaCl,, CoCl,, FeCl,, NiCl,, KCl,, MgCl,
Na Florida, EDTA and DTT were added in
concentrations 1 and 2 mM to the reaction mixture
to study their effect on the phytase activity. The
control was carried out without adding activators
or inhibitors
Effect of different concentrationsof substrateon
theactivity of purified extracellular phytase

The effect of substrate concentrationson
the purified extra cellular phytase was studied.
Different concentrations of Na phytate ranging
from1.5to5mM in0.15 M acetate buffer at pH 5.5,
thereaction mixturewasadded to 150 ml of enzyme
solution then it wasincubated for 40 min. at 55 °C
and stopped by 0.75 ml of 5% trichloroacetic acid
then the enzyme activity was measured as
mentioned before.

RESULTS

Fractional precipitation with ammonium sulphate
Itisclear from the datapresented intable
(2) that, ammonium sul phate at concentration (30-
60) gaveactivity for phytase enzyme 316 U/ml and
protein 3 mg/ ml with specific activity 105
Precipitation with ethanol and acetone
Precipitation using acetone and ethanol
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also mad and theresultsisshownintable (1). Itis
clear that ethanol (0-30) gave high specific activity
than acetone to precipitation phytase enzyme.
Precipitation using ultrafiltration

The present series of experiment were
conducted to prepare partially purified phytase.
These include isolation of active enzymes by
ultrafilteration. The culturefiltrate of about 2 liter
was passed through Pellicon Cassette system with
amembrane PL GC Cassette 10.000 NMWL. Low
protein-binding.

The two liter was concentrated to about
50 ml which contain 10000 mg of protein was
recovered which represent about 64.10 % of the
total protein while 1550000 U of phytase enzyme
was recovered which represent about 101 % of the
total activity.

Theresultsin fig (1) illustrated that, two
peak for phytase activity (1) and (I1) of protein
componentswere present with different molecular
weight. The first peak was at fraction®*° and the
second one was at***. The enzyme activity was
detected in thefirst peak. Thetotal enzymeactivity
was 14440 U/min at 40 ml of fraction?=° the total
protein was 8.8 mg. the specific activity reached to
1640.9 U/mg proteins. The total activity of the
second peak was 7350 U/min at 25 ml of fraction®
4 and the total protein was 4.84 mg the specific
activity reached to 1518 U/min.

The results in fig (2) showed that, the
enzymeactivity was138 U/min at 25 ml of fraction®:
Bthetotal protein was0.05 mg. the specific activity
reached to 2760 U/mg protein. Fractions®-* were
chosen for check their purity on polyacrylamide
gel disc electrophoresis phytase where the total
activity wasU/ml and the specific activity was 2760
U/mg protein.

Summarized purification stepsof phytase

Typical purification steps of phytasefrom
Bacillus cereus EME 48 are summarized in table
(2). Thecultura filtrate obtained after centrifugation
of the fermentation broth was subjected to ultra
filtration using Pellicon Cassette system with a
membrane PLGC Cassette 10.000 NMWL, low
protein-binding. This step yielded 1.58 fold of
purification. It was it was chromatographer on
sephadex G100 column and the enzymes were
eluted with trisHCI buffer of pH 7.0.

On the other hand, the phytase was
purified approximately 16 fold from the culture
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filtrate with aspecific activity of about 1640 U/mg
proteins. The active fractions from the Sephadex
G100 Column?>® were pooled and concentrated to
oneml and it wasthen applied on DEA E-Sephadex
A-50 column.

By this procedure phytase was purified
approximately 28 fold from the culture filtrate. A
protein sample of each step of purification was
examined by polyacrylamide gel electrophoresis
Fig (3). Phytase resulted from sephadex G100
column chromatography was migrated with other
proteins, but phytase resulted from DEAE
sephadex column chromatography was also
migrated as single protein band on polyacrylamide
gel electrophoresis.

—+—Phytase specific activity (U/mg)

50
~@-Total protein (mg)

40

El

Phytase Specific activity (U/mg)
Total protein (mg)

Fraction number

Fig. 1. Purification of extra cellular phytase by using
sephadex G-100
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(1) Crude enzyme, (2) partially purified
enzymeby ultrafiltration, (3) theenzymeof phytase
separated on sephadex G 100, (4) the enzyme of
phytase separated on DEAE sephadex A 50.
Effect of temperatureon thestability of phytase
enzyme

Theresults in tables (3) showed that the
stability of phytase depending on the temperature
and the storage time. In most cases, the loss in
activitiey was increased by increasing the
temperature and the storage time.

The phytase enzyme was stable at
temperature 20, 30, 40 C after 24 hours. At 50°C the
enzyme lost about 8% of its activity after 90 min.
At 65 °C and 70 °C the enzyme activity was
decreased to 91% and 83% respectively after 5
min.
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Fig. 2. Purification of extra cellular phytase by using
DEAE- sephadex A50

Table 1. Partia purification of phytase enzyme produced by Bacillus cereus EME 48

Purification volume  Total Protein Total Units Specific Purification
steps (ml) protein recovery (%) units recovery (%) activity fold
Culturefiltrate 50 390 100 38300 100 98 1
Acetone 0-30 50 100 25.6 9050 23 90 0.9
30-60 50 190 48.7 20050 52 105 1.07
60-90 50 22.2 55 821.4 21 37 0.37
Ethanol 0-30 50 109 28 12400 32 113 11
30-60 50 200 51 17600 46 88 0.9
60-90 50 00 00 00 00 00 0.0
Ammonim sulphate  0-30 50 195 50 17600 46 90 0.92
30-60 50 150 38 15800 41 105 1.07
60-90 50 00 00 00 00 00 00
Culturefiltrate 2000 15600 100 1532000 100 98.20 1
Ultrafiltration 50 10000 64.10 1550000 101 155 1.58
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Effect of pH on thephytase

The results recorded in tables (4)
indicated that the stability of phytase, in absence
of substrate depended on the pH values. The
phytase enzyme was stable at pH 5.5 to 6 for 48
hours. Theenzymewas stable at pH 5.0till 60 min
and partialy loss its activity with increasing the
time of storage. At pH values 3.5, 4, 4.5 phytase
enzymeslost its activity after 60 min., 8 hour and
16 hours respectively.

The phytase enzyme was stable at pH
valuesranged between 5.510 6.0.
Effect of different concentrations of different
activatorsand inhibitor son thephytaseactivitie

Theresults recorded in table (5) showed
that the enzymes activity was greatly inhibited by
FeCl,, NaFlorida, EDTA, DTT,AICl,and ZnCl,. On
the other hand the addition of MgCl,,, BaCl, MnCl,
and CuCl, showed moderately inhibited for the
phytase, while, MgCl,, CoCl,, NiCl, and KCI,, had
no effect on the both enzymes. Moreover, CaCl,
made a slight increase in the activity of phytas
when added at concentrationin 1 mM, the activity
was decreased with decreasing the concentration.

Fig. 3. Purification steps of phytase
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Effect of different concentrationsof substrateon
theactivity of purified extracellular phytase

The results recorded in fig (4) showed a
parallel relationship existed between substrate
concentration and phytase Specific activity up to
3mM (3273 U/mg protein). Higher concentration
had pronounced inhibition on enzyme activity.
Kinetic parameters (Km and V __ values) of
purified extra cellular phytase and acid
phosphataseproduced by BacilluscereusEME 48...

These were determined for the purified
extra cellular phytase and acid phosphatase by
using the natural substrate (Na phytate) and then
determinefrom Lineweaver-Burk plot. Naphytate
concentrationsranged from 1.5-5 mM dissolvedin
0.15 M acetate buffer (pH 5.5) were used. The
activitieswere assayed at 55 C for 40 min. and the
reaction was stopped by 0.75 ml of 5%
trichloroacetic acid. Theresultsin fig (5) showed
that theKmvauewas0.23mM andV,__ vauewas
3278 mM/mg protein.

DISSCUSSION

This study showed that Bacillus cereus
EME 48 could beapromising novel bacteria source
of phytase. The properties of the phytase from
Bacillus cereus EME 48 are favorable for it to be
used as an enzyme for improving the availability
of phytate phosphorus and minerals in feedstuff
for non-ruminants. Phytase activities have been
reported in a wide range of seeds, animal tissue
and microbes.

First attemptsto separate phytase activity
from the major acid phosphatase activity by the

Table 2. Purification steps of phytase

Purification Volume Total Protein Total Unit's Specific Purification
steps (ml) protein  Recovery (%) activity (U) recovery (%) activity fold
Culturefiltrate 40 312 100 30640 100 98.2 1
Ultrafiltration 1 200 64.1 31000 101 98.2 1.58
Sephadex G-100  F(1-21) 145.8 46.5 00 00 00 00
F(22-30) 267 85.5 11900 38.9 445 0.45
F(31-35) 81 26 00 00 00 00
F(36-60) 119.1 38 00 00 00 00
DEAE F(1-30) 4.45 14 00 00 00 00
Sephadex F(31-35) 5.8 19 7010 22.9 1209 12.3
A-50 F(36-62) 9.1 29 00 00 00 00
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one-step procedure described by Gibson and Ullah
(2) for phytase purification were unsuccessful. The
gel filtration methods are based on the principle
that different molecules can be separated on the
basis of differencesin their size by passing them
through a column containing swollen particles of
agel. Thisprocedure was based on the difference
of isoelectric points of enzyme. When
chromatographed on a strong cationic-exchanger
(SP-Trisacryl) column at pH 4.5, soybean
phosphatase was retai ned on the column, whereas
phytase was excluded. Under the same conditions,
enzyme activities were retained and eluted at the
same saline concentration. A three-step purification
procedure is described, consisting of ultra-
fractionation, gel filtration and anion-exchange
chromatography. Phytase was completely
separated from the maj or acid phosphatase activity
after the third step.

DANIAL & ALKHALF: STUDY OF PHYTASE FROM NOVEL SLATED B. cereus

The optimum temperature for phytase
activity for BacilluscereusEME 48 was 4010 60°C.
Although the optimum temperature for phytase
activity of Selenomonas ruminantium JY 35, an
anaerobic rumen bacterium, is also 55°C, the
enzymeactivity declinesdramatically at 60°C (15).
The optimum temperatures of phytase for most
micro-organisms are in the range of 40 to 60°C.
High optimum temperatures for phytase activity
have been observed in bacteriasuch asKlebsiella
aerogenes (60to 70°C) (16), and Bacillussp. DS11
(70°C) (10). Among yeasts, Schwanniomyces
castellii showed maximum phytase activity at 77°C
(17), while Arxula adeninivorans and Pichia
spartae at 75 to 80°C, and Pichia rhodanensis at
70to 75°C (18). Phytase of Aerobacter aerogenes
exhibited thelowest optimum temperature at 25°C
(19.

Table 3. Effect of temperature on phytase enzyme stability.

Time Phytase Relative activity (%)
Temp.°C Minutes Hours
0 5 10 20 VB 4L 600 D 2 4 6 12 2
20 100 100 100 2100 200 100 100 100 100 100 100 100 100 100
D 100 100 100 2100 200 100 100 100 100 100 100 100 100 100
40 100 100 100 2100 200 100 100 100 100 100 100 100 100 100
50 100 100 100 2100 2100 100 10 10 ® AH 6B W 5 46
% 100 100 100 100 200 100 9 99 & MO 6 b4 2% O
60 00 100 100 8 77 6 %5 4 4 FH XHO 17 N1 0
6b m 9 & B &4 8B 4 B X ZZ A0 O 0 0
70 m 8 B M & %5 D 2 0 0 0 0 0 0
IS m » 7 2 12 0 0 0 0 0 0 0 0 0
a0 m 17 0 0 0 0 0 0 0 0 0 0 0 0
Table 4. Effect of pH on the phytase stability
Time Phytase Relative activity (%)
pH Minutes Hours
0 15 0 5 60 2 4 8 16 24 8
35 69 8 2 u 0 0 0 0 0 0 0
4 8 62 49 3 20 9 7 0 0 0 0
45 9 & 76 64 48 0 2 15 0 0 0
5 100 100 100 100 100 76 53 2 13 9 0
55 100 100 100 100 100 100 100 100 100 100 100
6 100 100 100 100 100 100 100 100 100 100 100
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The optimum pH of phytase activity of
M. jalaludinii was in the range of 4.0t0 5.0. The
activity declined significantly above pH 5.5. The
moderately acidic pH optimum of M. jalaludinii
phytase indicates that this enzyme belongs to the
acidic phytases, as are most of the so far
characterized phytases of microorganisms:
Selenomonas ruminantiumJyY 35, pH 4.0t0 5.5 (15);
E. coli, pH 4.5 (20) and all yeast strains studied by
Nakamura (19), pH 310 5.5. These pH optimaare
different from those of other bacterial phytases,

Table 5. The effect of different
concentrations of different activators and
inhibitors on the phytase

Additive PhytaseRel ative activity %
1mM 2mM
Control 100 100
CaCl2 101 100
KCI2 99 98
CoClI2 99 98
NiCl2 97 98
MgCl, 99 97
CuCl2 96 95
MnCl, 95 93
BaCl, 88 82
MgCl2 85 81
AICI3 83 79
ZnCl, 79 77
DTT 80 73
EDTA 7 65
Nafluoride 71 62
FeCl2 70 53

3300
3200
3100

3000 /

2900

2800

2700

—DO— Phytase specific activity
(U/mg protein)
\D

2600

0

T T T T T T T T T T T
00 05 10 15 20 25 30 35 40 45 50 55

Na phytate concentration
(mM)

Fig. 4. Effect of different concentrations of substrate
(Na phytate) on the activity of purified extra cellular
phytase
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such as pH 6.5 for Bacillus subtilis (natto) N-77
(21), pH 7.0for BacillussubtilisVTT E-68013 (5)
and Bacillus sp. DS11 (10). When the enzyme was
incubated in more acidic buffersof pH 3.0 or less,
about 34 to 96% of activity waslost.

The results from this study showed that
phytase from Bacillus cereus EME 48 belongs to
the second class since it is highly specific to
sodium phytate and has very little or no activity
on other phosphate esters under the given assay
conditions, indicates that the phytase is different
from the general acid phosphatase. The metal ion
chelating agents, namely MgCl,, CoCl,,, NiCl,,and
KCI, did not show any inhibitory effect on the
phytase activity of M. jalaludinii. Therefore, this
enzyme, like many other phytasesisnot ametallo-
enzyme, the study of the effect of metal ions on
enzyme activity revealed that phytase from M.
jalaludinii displayed apattern of cation sensitivity
similar tothose of E. cali (20), Klebsiellaterrigena
(22) and SelenomonasruminantiumJY 35 (15). The
most significant inhibitory effect was by iron
cation. This has also been commonly observed in
many phytases from various sources.

However, the study with Selenomonas
ruminantium JY 35 phytase, Yanke (15) found that
precipitates were also obtained with Ba2+ and
Pb2+, but Ba?* did not inhibit the phytase activity
and Pb 2+ significantly stimulated the activity.

In the present study, it was found that 62
and 99% of phytase activity of Bacillus cereus
EME 48 wasinhibited by 1 and 2 mmol/I chloride
supplemented to the assay mixture, respectively.
However, Kim (23) reported that the phytase
activity of Bacillus amyloliquefaciens was not

5 40
1/Vx10 '

3

204
104

L B~ S S e S B B e TTT T T T T
-6.0-5.5-5.044.5-4.0-3.5-3.0-2.5-2.0-1.5-1.0-0.5 0/0 0.5 1.0 1.5 2.0 2.5 3.0
1/s

2104

204

Fig. 5. Line weaver-Burk plot for purified exracellular
phytase produced by Bacillus cereus EME 48 by using
(Na phytate) as a substrate
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inhibited by 5 mmol/l phosphate in assay mixture.
Theresultsfrom this study support the suggestion
of Yanke (13) that phytateisreadily hydrolysed by
bacteria in the rumen, even though the inorganic
phosphate concentration in the rumen fluid can be
as high as 14 mmol/l when the animal is fed with
concentrate diet.

Similar results have been reported by
Wyss (24) pointed out that on the basis of substrate
specificity, phytases could be classified into two
classes: (i) phytases with broad substrate
specificity such as those from A. fumigatus,
Emericella nidulans, Myceliophthora
thermophila (24), canolaseed (25), germinated oat
(26), rye(27) and barley (26); and (ii) phytaseswith
narrow substrate specificity, which are very
specific for phytate, such as those from A. niger,
A. terreus, E. coli (Wysset al., 1999), Bacillus sp.
DS11 (11) and Bacillus subtilis (natto) N-77 (21).
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