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Background: Phytate is an anti-nutritional factor in plants, which catches the most phosphorus contents and some vital
minerals. Therefore, Phytase is added mainly as an additive to the monogastric animals’ foods to hydrolyze phytate and
increase absorption of phosphorus.

Objectives: Y. intermedia phytase is a new phytase with special characteristics such as high specific activity, pH stabili-
ty, and thermostability. Our aim was to clone, express, and characterizea codon optimized Y. intermedia phytase gene in
E. coli.

Materials and Methods: The Y. intermedia phytase gene was optimized according to the codon usage in E. coli. The
sequence was synthesized and sub-cloned in pET-22b (+) vector and transformed into E. coli B121 (DE3). The protein was
expressed in the presence of IPTG at a final concentration of 1 mM at 30°C. The purification of recombinant protein was
performed by NiZ2* affinity chromatography. Phytase activity and stability were determined in various pH and tempera-
tures.

Results: The codon optimized Y. intermedia phytase gene was sub-cloned successfully.The expression was confirmed by
SDS-PAGE and Western blot analysis. The recombinant enzyme (approximately 45 kDa) was purified. Specific activity of
enzyme was 3849 (U.mg-!) with optimal pH 5 and optimal temperature of 55°C. Thermostability (80°C for 15 min) and
pH stability (3-6) of the enzyme were 56 and more than 80%, respectively.

Conclusions: The results of the expression and enzyme characterization revealed that the optimized Y. intermedia phytase
gene has a good potential to be produced commercially andto be applied in animals’ foodsindustry.
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1. Background

Most of entire phosphorus of plants and oil seeds
exist in the form of phytic acid (myo-inositol hexak-
isphosphate; phytate) (1). Phytate is an anti-nutritional
factor with a negative side effect of binding with phos-
phorus, which in turn chelates some bioessential metal
ions (ZnZ*, Ca2*, Cu2*, Fe2*, and Mn2"), influencing
their bioavailability by forming (phytate-metal ions,
phytate-phosphorus, and phytate-proteins) insoluble
complexes (2). Phytase is an enzyme that hydrolyzes
phytic acid into inositol and phosphorus and decreases
metal ions chelation (3). Monogastric and agastric ani-
mals such as fish and chicken as well as human beings
have no or very low amounts of phytase (4). Thus, to
improve thequality of foods, phosphate should be

added into animals’ foods as a supplement (5).
Obviously it is very expensive and causes environ-
mental pollution and the phenomena of eutrophication
on the water surface by excretion of the insoluble
phosphorus-phytate complex into the environment,
consequently wasting this vital nutrition factor (6).
Due to these problems, the best option to increase the
amount of phosphorus, metal ions, and protein
bioavailability is to add phytase to fish and poultry
food (7).

Phytases are classified into 3 groups: 1. Histidine
acid phosphatase (HAP) phytase, 2. -propeller phy-
tase (BPP), and 3. Purple acid phosphatase phytase
(PAP) (8). Phytases are found in many plants, animals,
and microorganisms, but the majority of commercial
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phytases have microbial sources, which mostly belong
to HAPs (9). The extraction of wild type phytase yields
little amounts of phytases; thereby,to have higher
amounts, recombinant phytase should be used (10). As a
commercial additive, a recombinant phytase, which is
applied in the food industryshould have some special
characteristics. It should be thermostable to tolerate tem-
perature rising during digestion processes, stable on an
extensive pH range for being active in different parts of
a gastrointestinal system, and resistant to proteases (2).

Codon optimization is a critical way to produce
recombinant proteins and have higher expressions. It is
based on changing codons of special amino acids in the
given gene, which are rare in the relative host microor-
ganism gene, without altering the related amino acid.
Codon optimization brings about some benefits: 1.
adapting the frequency of codon in two sources and host
microorganisms, 2. decreasing the repeated codons, and
3. eliminating the stop codons (11).

Many phytases from different sources such as
Aspergillus ficcum (13), Bacillus sp. DS11(14),
Yersinia intermedia (15), Klebsiella sp. ASR1(9), E.
coli and Aspergillus niger (7) have been cloned and
purified, using different hosts up to now. Among them,
Y. intermedia, phytase has high specific activity and
several advantages such as, stability, at low pH and
high temperature that are necessary for using phytase
as a food supplement. The Y. intermedia phytase gene,
appA (APPA: a new phytase with special characteris-
tics belonging to HAP phytases), has been overex-
pressed in Pichia pastoris and had high levels of
expression (15).

2. Objectives

The purpose of this study was the overexpression
of, appA in E. coli as a suitable host. Further to define
the activity and stability of recombinant phyase
(rAPPA) under various pH and temperature condi-
tions. To the best of our knowledge, this research is the
first report of the recombinant phytase production with
unique features by codon optimization strategy in E.
coli.

3. Materials and Methods

3.1. Strains, Plasmids and Media

E. coli DH5a and E. coli BL21 (DE3) F-ompT
hsdsB(r-Bm-) gal decm, were used as the hosts for
cloning and protein expression. pGH and pET-22b (+)
(Invitrogen, USA) plasmids were employed for appA
cloning and expression, respectively. Luria-Bertani

64

(LB) agar medium (10 g.L-! Trypoton, 5 g.L-! Yeast
Extract, 10 g.L-! NaCl, and Agar 16 g.L-!) was pre-
pared for E. coli growth. Molecular biology techniques
were carried out according to the standard protocols

(16).

3.2. Codon Optimization and Sub Cloning

The sequence of Yersinia intermedia (strain H-27)
phytase gene (appA) was obtained from GenBank
(Embl: ABI95370.1). Detection of rare codons and
optimization of sequence were performed by two web
servers:optimizer (http://www.genoms.uvr.es) and E.
coli rare codon analyzer? (http://www.faculty.ucr.edu).
The Gene script web server (http://www.gene
script.com) was used to evaluate of designed sequence
by Codon Adaptation Index (CAI). The sequence of
codon optimized phytase gene (1280 bp) was synthe-
sized chemically by Nedayfan Company, cloned in
pGH vector as cloning vector, and transformed into
competent cells (£. coli DH5a). The competent cells
were prepared via CaCl, method. Transformation was
performed by the heat shock method, and recombinant
cells were cultivated on LB agar medium containing
ampicillin. Plasmid extraction was carried out through
alkaline lysis method. The pGH plasmid was digested
by Ncol and Xhol restriction enzymes (Thermo scien-
tific, USA) and recovered from the gel, using Roche
agarose gel DNA extraction kit, (Roche, Germany)
and ligated into the same digested place pET 22b (+)
by T4DNA ligase (TakaRa, Japan). E. coli BL21
(DE3) competent cells were transformed by recombi-
nant plasmid named pET22b-rAPPA.

3.3. Protein Expression and Western-Blot Analysis
Therecombinant cells, transformed by pET22b (+)-
rAPPA,were harbored in LB containing 50 pL.mL-!
ampicillin in shaking incubator at 37°C and 100 rpm. At
ODgo = 0.4-0.6, 10 mL of the culture was separated and
considered as uninduced. Isopropyl B-D-1-thiogalac-
topyranoside (1 mM IPTG) was added to the rest of the
culture to induce protein expression at 30°C. Induced
samples (10 mL) were collected at 2, 4, and 8 h. The
cell pellets were harvested and re-suspended in TE
buffer (1 mM EDTA, 10 mM Tris base, pH 7.4-7.8).
Sonication was performed on ice7 times (80% power,
0.5 pulses) for each sample (16). The supernatant as a
soluble fraction was harvested by centrifugation at
12000 xg for 10min at 4°C and subjected to 10% SDS-
PAGE (Sodium dodecyl sulfate polyacrylamide gel
electrophoresis). For Western blot analysis, proteins
separated via SDS-PAGE were transferred to
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polyvinyl difluoride (PVDF) membrane by transfer
buffer (25 mMTris, 192 mM Glycine, and 20%
methanol). The membrane was incubated in blocking
solution (5% skim milk) for 2 h. Mouse anti-(His)g
peroxidase antibody (1:2000) (Amersham Pharmacia
Biotech, Sweden) was added and incubated for 2 h.
Tetramethylbenzidine (TMB) was usedas substrate To
develop an image of protein band containing the fusion
tag.

3.4. Purification of Recombinant Enzyme and Phytase
Activity Assay

Purification occurred through Ni2*-affinity chro-
matography (His-Bind Quick 300 Cartridges, 70155-3,
Novagen) (16). Supernatant (10 m), including recom-
binant protein was subjected into Ni-NTA (Nickel-
nitrilotriacetic acid) affinity column, which was
washed by washing buffer (100 mM Tris-HCI, 500
mM NaCl, and 10 mM imidazole, PH 8.0) and charged
with 100 mM NiSO,. Binding buffer (100 mM Tris-
HCI pH 8.0, containing 500 mM NaCl, and 20 mM
imidazole) was used to remove contaminant proteins.
The recombinant fusion proteins were eluted by elu-
tion buffer (100 mM Tris base, 500 mM NacCl, 500
mM Imidazole, pH 8). The existence of recombinant
protein was evaluated by SDS-PAGE. The purified
protein was dialyzed by a dialysis membrane (10 kDa
cutoff) for removing small peptides and changing the
buffer. The concentration of protein was measured via
Bradford assay (17). For Phytase activity assay,
Sigma-Aldrich protocol based on colorimetric method
with minor modification was employed (18). Enzyme
solution (100 nL) was added to 900 pL substrate solu-
tion (100 mM magnesium sulfate, 200 mM sodium
acetate buffer, 6.82 mM phytic acid, pH 5) at 55°C for
30 min. The reaction stopped with 10% (w/v)
trichloroacetic acid (TCA). The released phosphate was
measured by spectrophotometer at ODgg, following the
addition of 2 mL Tausky-Shrr color agent (TSCR) (a
solution including 1% (w/v) ammonium molybdate,
7.2% (w/v) ferrous sulfate solution, and 1% (v/v) sulfu-
ric acid solution). The activity (U) of phytase was the
amount of the enzyme releasing 1 pmol of phosphate
per min at 55°C.

3.5. Characterization of rAPPA

Characterizationof purified rAPPA (recombinant
Y. intermedia phytase) in various pH and temperatures
was assayed as previously described (18). The opti-
mum temperature of phytase activity was assayed by
in cubating 100 pL enzyme with 900 pL substrate
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solution (100 mM magnesium sulfate, 200 mM sodi-
um acetate buffer, 6.82 mM phytic acid, pH 5) at tem-
peratures from 30 to 80°C with 10 degree intervals for
30min. Thermal stability of the purified rAPPA was
evaluated by incubation of the recombinant enzyme at
80°C for 5, 10, 15, 20, 25, and 30 min. After heating,
rAPPA activity was determined at 55°C and pH 5. The
optimum pH was measured by incubating enzyme
with substrate dissolved in 100 mM buffer solutions:
sodium acetate-HCI (pH 3-6) and Tris-acetate (pH 6-7)
for 30 min at 55°C. To evaluate the pH stability, in the
absence of sub strate,the enzyme was incubated with
the same buffer in the range of 3-7 for 2 h at 37°C.
After adding substrate, phytase activity was measured
as described earlier. The results were showed by per-
centage relative activity. Three independent experi-
ments were carried out.

4. Results

4.1. Codon Optimization and Sub-Cloning.

According to Gene script web server, CAI (Codon
Adaptation Index) was measured to be 0.63. The CAI
lower than 0.8 would not have any chance to get valu-
able expression in the desired host. Accordingly, the
rare codons for expression of appA in E. coli were
detected. There was approximately 5% of all appA
sequences, containing: 1.8% AGG, CGG, and CGA for
arginine (R), 1.1% CCC for proline (P), 094% CTA for
leucine (L), and 1.1% ATA for isoleucine (I). The
expression level in E. coli improved by replacing rare
codons and less preferential codons with more favor-
able codon usage in E. coli; and finally CAI was meas-
ured again to be 0.83, which was an appropriate index
of expression. After optimizing, the CFD (Codon
Frequency Distribution) reached its permissible range,
and the GC content had a suitable amount after and
before optimizing. The appA codon optimized gene was
synthesized and sub cloned into pET-22b (+). In recog-
nition of sub cloning, recombinant pET-22b (+)-rAPPA
was digested by X7ol and Xbal and 1500 bp (appA gene)
and 5273 bp digested pET-22b (+) fragments were
observed (Figure 1). Accuracy of subcloning was con-
firmed by sequencing.

4.2. Protein Expression and Western-Blotting Analysis

The expressed recombinant protein present at the
supernatant of induced culture with 1 mM IPTG were
separated on SDS-PAGE (Figure 2A). A protein band
(45 kDa) was noted that further confirmed by Western
analysis (Figure 2B). Ni-NTA Purification System was
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Figure 1. Agarose gel elec-
trophoresis of double digestion
of plasmid pET-22b (+)-
rAPPA  using  Xbal/Xhol
restriction  enzymes. The
desired 1500 bp and 5273 bp
bands to the appA gene and the
backbone of plasmid, respec-
tively. (ladder1 Kbp SMO311)

10000 bp _—_—
p

1500 bp 1500 bp

250 bp»

used to purify the recombinant protein carrying a
Hisgtag. (Figure 2C). The concentration of proteins
was estimated to be about 2.8 mg.mL-!. Furthermore,
the specific activity for purified enzyme was calculat-
ed to be 3849+641 U.mgl.

4.3. Characterization of rAPPA

The optimum pH of rAPPA was measured in dif-
ferent pH buffers. 100% activity was observed in pH 5,
followed by 80% (pH 3) and 85% (pH 4) (Figure 3A).
Stability of recombinant enzyme was determined in
acidic pH after incubation of enzyme for 2h at 37°C.
Activity of rAPPA retained approximately 80% after
incubation of enzyme in pH 3-6 (Figure 3B).

The optimum temperature of purified recombinant
phytase was determined from 30 to 80°C.The highest
activity of rAPPA was obtained in 55°C (Figure 3C).
The activity of rAPPA remained approximately 66%
after10 min of being in 80°C. Thermo stability of the
enzyme at 80°C for 15 min was 56% (Figure 3D).

5. Discussion

Phytate is a major phosphate storage compound in
seeds of higher plants, which forms complexes with
multivalent metal ions such as iron, zinc, and calcium.
Thus, phytase was added mainly as an additive to the
mono gastric animal feed to hydrolyze phytate in order
to increase absorption of phosphorus and other ele-
ments (1). For commercialization of phytase as a food
supplement, the selected phytase should have some
specifications such as stability on a vast pH range,
temperature, and digestive enzymes in those animals’
gastrointestinal systems. According to reports present-
ed by Huang et al., a new phytase was found with Y.
intermedia origin and expressed as Pichia. pastoris,
showing better properties than the E. coli and 4. niger
phytases, as applied phytases in an animal’s food (15).

E. coli in comparison Pichia is recognized to be
suitable for recombinant proteins production because
of its significant characteristics (19). Production of
recombinant protein in E. coli is the quickest, easiest,
and cheapest method. Therefore, E. coli was selected
as host for expression of rAPPA. In this research, the
theoretical and experimental results showed that the
expression of codon optimized recombinant phytase
was successfully performed in E. coli.

Recent studies have confirmed that rare codons
can decrease expression level of recombinant proteins
in E. coli. Therefore, the increase in the level of
expression can be achieved by codon optimization and
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Figure 2. Analysis of protein expression and purification of recombinant phytase by SDS-PAGE and western blot analysis. A: SDS-PAGE
analysis of expression pET22b-rAPPA in bl21 (DE3) E. coli. Lane 1, E. coli BL21 (DE3) transformed with pET22b (+)-rAPPA before
induction. Lanes (2,3 and 4), 2 h, 4 h and 8 h after induction with 1 mM IPTG. Lane M, protein marker (SM0431). The desired bands are
marked with arrows. B: Western blotting analysis of rAPPA expression. Lane 1, expression of pET22b-rAPPA, before induction. Lane 2,
4 h after induction. A unique significant 45 kDa band, confirms the rAPPA expression. M: protein marker (Spectra Multicolor Broad
Range). C: Recombinant protein purified by Ni** affinity chromatography. Lane M, protein marker (SM0431). Lane 1, eluted rAPPA puri-
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Figure 3. Temperature and pH profiles of recombinant Y. intermedia phytase (rAPPA) expressed in E. coli. A: Relative activity of rAPPA
in various pH buffers, the optimum pH was pH 5. B: Effect of different pH (3-7) on the rAPPA activity, pH stability (3-6) of the recom-
binant enzyme was 80>% C: Relative activity of rAPPA in different temperature, the optimum temperature was obtained at 55°C D: Heat
stability of rAPPA after incubating enzyme at 80°C for 5-30 min, Thermostability of recombinant phytase was 56% for 15 min at 80°C.
100% Activity of rAPPA was considered as the activity without any prior treatment. Three independent experiments were performed.

Standard deviation was shown by error bars

replacement of rare codons with preferred codons (20).
Condon optimization not only improves protein levels
in expression host of choice, but also reduces sequence
complexity such as secondary structures and facilitates
protein folding (21). Dali et al. (2011) analyzed the B.
subtilis phytase cloning and expression in P. pastoris.
The cloning occurred successfully, but they had no
expression because there was no harmony of codon
frequencies of each amino acid in two sources and host
organisms (22). According to the results, the CAI con-
tent before and after induction showed a remarkable
difference. The CAI, after optimizing and changing
rare codons, showed a suitable and significant range
for high expression. Therefore, efficiency of rAPPA
production increased by using codon-optimize dsyn-
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thetic gene. Recently, codon optimization offers suc-
cessful high level over expression of recombinant phy-
tase by nucleotide chemical synthesis (23, 24). The
recombinant protein was purified by Ni2* affinity
chromatography. The results indicated that these tags
has no effect on efficiency of phyase enzyme (25). The
specific activity of recombinant phytase expressed in
P. pastoris was 3960 U.mg-! (15). A similar activity
level (3849+641 U.mg ) was obtained once compared
with the same phytase expressed in E. coli. Specific
activity was high in comparison to the previous reports
such as A4. niger as a famous commercial phytase (spe-
cific activity 100 U.mg-) (15, 26, and 27). In addi-
tion,similar results were observed in regards to thermo
stability and pH stability of rAPPA expressed in E. coli

67



Mirzaei M. et al.

with rAPPA in P. pastoris. Thus, E. coli be considered
as a suitable host for recombinant phytase production.
Finally, the activity of rAPPA in acidic pH and thermo
stabily showed that the recombinant protein can be a
good candidate as food additives. It can consequently
improve the valueof animals’ food in future.

6. Conclusions

A codon optimized Yersinia intermedia (appA)
phytasegene was constructed by the pET22b (+) vec-
tor. The rAPPA expression and purification were suc-
cessfully carried out in E. coli. The activity and stabil-
ity of rAPPA in acidic pH and high temperature
showed that rAPPA has a potential for commercializa-
tion and application in the animals’ food industry as
food additives. Despite having evaluated rAPPA activ-
ity in different pH and temperature, further efforts
should be carried out to obtain a realistic view of
recombinant phytase activity.
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