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ABSTRACT: Phytase gene obtained from Bacillus subtilis ASUIA243 was cloned into a
medium vector and transformed into E. coli. Restriction enzyme digestion was
conducted to get blunt-ended phytase gene and ligated into the Pichia expression vector,
pPICZaA. The recombinant vector, pPICZaA-243HPp was then linearized with Pmel
and transformed into P. pastoris strain X33. Screening for multi copy gene number of
transformants was done by re-plating the selected colonies on increasing concentration of
zeocin. One positive clone, X243HPp#2 was then grown in BMGY media as the starting
culture, followed by induction in BMMY media for protein expression study. The
supernatant was then analysed by SDS-PAGE and Western blot method to check the
protein expression.

ABSTRAK: Gen fitase yang didapati daripada Bacillus subtilis ASUIA243 diklonkan
sebagai vektor perantara dan berubah menjadi E. coli. Sekatan pencernaan enzim
dijalankan untuk mendapatkan gen fitase berhujung tumpul dan diligatkan dengan
vektor ekspresi Pichia, pPICZaA. Vektor rekombinan, pPICZaA-243HPp kemudian
dilinearkan dengan Pmel dan berubah menjadi P. pastoris strain X33. Penyaringan untuk
nombor gen berbilang salinan yang menjalani transformasi genetik dijalankan dengan
menyalur semula koloni terpilih dengan penambahan kepekatan zeocin. Satu klon positif,
X243HPp#2 kemudian dibiarkan hidup dalam perantara BMGY sebagai kultur
permulaan, diikuti dengan aruhan dalam perantara BMMY untuk kajian penglahiran
protein. Supernatan kemudian dikaji dengan SDS-PAGE dan kaedah sap Western untuk
menyemak penglahiran protein.
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1. INTRODUCTION

Phytase (myo-inositolhexakiphosphate phosphohydrolase) catalyzes the hydrolysis of
phytic acid (the principle storage form of phosphorus in legumes, cereals, oil seeds and
nuts) to myo-inositol and inorganic phosphate. Phytic acid is a polyanionic chelating agent
that forms complexes with several divalent cations of major nutritional importance such as
Ca®*, Mg”*, Zn**, Cu**, Fe**, and Mn** [1]. Therefore, the catalytic activity of phytase on

99



ITUM Engineering Journal, Vol. 12, No. 4, 2011: Special Issue on Biotechnology Mohd Dali et al.

phytic acid leads to the loss of ability of phytic acid to chelate metal ions. The animal
feeds contain phytic acid which cannot be digested by monogastric animals because they
have no or low level of phytase activity in their digestive tracks [2]. Inorganic phosphate is
frequently added to their feed to facilitate optimal growth for these animals which leads to
stimulation of algal blooms and euthrophication of surface water due to the high content of
phytate and inorganic phosphate in the excretion of the animals [3]. Thus, supplementation
of animal feeds with phytase increases the bioavailability of phosphorus and reduces the
phosphorus pollution in the environment. Thus, the benefits of phytase are two-fold:
saving the expensive and non-renewable inorganic phosphorus resource by reducing the
need for its inclusion in animal diets and protecting the environment from pollution of
excessive manure phosphorus runoff [4].

Recent research has shown that microbial sources are more promising for the
production of phytases on a commercial level [5]. Most of the scientific work has been
done on those originating from filamentous fungi such as Aspergillus niger [6,7], Rhizopus
oligosporus [8] and Cladosporium species [9]. Other than these species, phytase from
other microbes such as Escherichia coli [10], Pseudomonas species [11], Klebsiella
species [12] and Bacillus species [13] were also identified.

Therefore in this research, a local wild type Bacillus subtilis strain ASUIA243 has
been chosen as the source for phytase gene and the gene was cloned in an expression
vector with strong promoter, pPICZaA. The recombinant vector was then transformed in
the methylotrophic yeast, Pichia pastoris strain X33 for enzyme production. P. pastoris
has been chosen as the production host because of the ability to produce the heterologous
protein extracellularly, therefore eliminating the method for cell lysis, and the expressed
proteins are generally hyperglycosylated [8].

2. MATERIALS AND METHODS
2.1 Strains, Plasmids and Media

The wild type Bacillus subtilis ASUIA243 strain was obtained from a previous study
[14]. The pPICZaA vector, pPCR®-Blunt II-TOPO® vector, Pichia pastoris strain X33 and
One Shot® TOP10 competent cell were purchased from Invitrogen, USA. Low salt Luria-
Bertani (LB) broth and agar were purchased from Becton, Dickinson and Company, USA.
Yeast extract, peptone, dextrose and agar for YPDS, BMGY and BMMY media were
purchased from Merck, Germany. Glycerol and methanol were purchased from Merck,
Germany. Sorbitol was purchased from MP Biomedicals, France. Yeast Nitrogen Base
(YNB) for BMGY and BMMY media was purchased from Laboratorios Conda, Spain.

2.2 Isolation of Phytase Gene

The plasmid DNA was isolated from the wild-type B. subtilis ASUIA243 by using
QIAprep® Spin Miniprep Kit (Qiagen). The phytase gene was then amplified by
Polymerase Chain Reaction (PCR). The oligonucleotide primers were designed based on
the B. subtilis subsp. subtilis str. 168 complete genome obtained from NCBI database
(GenBank accession no. NP_389861.1) The primer sequences are the following:

Bsnf5Pp (forward): 5’-GGTACCATGAAGGTTCCAAAAACAATGCTG-3’
Bsnr6Pp (reverse) : 5’-TCTAGATAGCCGTCAGAACGGTCT-3’

The underlined sequences in forward and reverse primers represent restriction enzyme site
for Kpnl and Xbal, respectively.
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The reaction mixture contained 10 pl of 5x Phusion HF Buffer (Finnzyme), 1 ul of
each primer, 5 ul of plasmid DNA, 1 pl of 10 mM dNTPs, and 0.5 ul of PFU DNA
polymerase (Finnzyme). PCR was conducted at a condition of 98 °C for 2 minutes, 30
cycles of 98 °C for 10 seconds, 55 °C for 10 seconds, and 72 °C for 10 seconds, followed
by 72 °C for 10 minutes, and hold at 4 °C. Gel electrophoresis was done on the PCR
products by using 0.8% agarose gel followed by gel purification using Gel Extraction Kit
(Qiagen).

2.3 Cloning into pPICZaA Vector and Transformation into P. pastoris

The purified PCR products were cloned into pCR®—B1unt [I-TOPO® as medium
vector and transformed into competent One Shot® TOP10 E. coli according to the
manufacturer’s instructions. The transformants were plated out onto LB medium
containing 50 pg/ml kanamycin and incubated overnight at 37 °C.

Next, single colonies were selected and grown at 250 rpm overnight at 37 °C in 10
ml LB broth containing 50 pug/ml kanamycin. The plasmids were extracted by using
QIAprep® Spin Miniprep Kit (Qiagen) and digested with Kpnl and Xbal at 37°C for 2.5
hours. The digestion product, 243HPp was purified by using Gel Extraction Kit (Qiagen).

The purified products were then ligated with expression vector, pPICZaA that has
been already been digested with the same restriction enzymes. The ligation was conducted
at 16 °C for 16 hours. Ligation product was then transformed into One Shot® TOP10 E.
coli and plated on low salt LB medium containing 25 pg/ml zeocin (Invivogen, USA). The
plates were incubated at 37 °C overnight. Single colonies were selected and grown in low
salt LB broth containing 25 pg/ml zeocin at 37°C, 250 rpm overnight. The plasmids
pPICZaA-243HPp were extracted by using QIAprep® Spin Miniprep Kit (Qiagen) and
digested with Kpnl and Xbal to confirm for positive clones. One positive clone, pPICZaA-
243HPp#1 was chosen for sequencing analysis.

The recombinant plasmid pPICZaA-243HPp#1 was linearized with Pmel at 37°C for
2.5 hours and transformed into the Pichia pastoris strain X33 (Mut") by chemical
transformation according to the manufacturer’s instructions. The cells were cultured on
YPDS media (1 % yeast extract, 2 % peptone, 2 % dextrose, 2 % agar, 1 M sorbitol)
containing 100 pg/ml zeocin at 30 °C for 3 days.

2.4 Screening for Multiple Copy of Gene

The positive colonies were plated again on YPDS agar containing different
concentration of zeocin: 100 pg/ml, 500 pg/ml and 1000 pg/ml to screen for the clone
with multiple gene copy number. The resistant colony at 1000 ug/ml was selected and
transferred to other fresh agar plates. Colony PCR was conducted for a few selected
colonies to determine the stable integration of the gene inside the host.

2.5 Expression of Recombinant Phytase Gene in P. pastoris

One clone from the multiple gene copy number screening was grown in a 250 ml
shake flask containing 25 ml of BMGY media (1 % yeast extract, 2 % peptone, 1.34 %
YNB, 4x10” % biotin, 1% glycerol, 100 mM potassium phosphate pH 6.0) at 30°C and
shaken at 250 rpm until the ODgoonm reached 2.0-6.0 (about 26-30 hours). Cells were
harvested by centrifugation at 5000 x g at 4°C for 5 minutes. The cells were resuspended
to an ODgponm of 1.0 in 100 ml BMMY (1% yeast extract, 2% peptone, 1.34% YNB, 4x10
% biotin, 0.5% methanol, 100mM potassium phosphate pH 6.0) at 30 °C for 4 days
followed by induction with 0.5% methanol for every 24 hours. Samples (1 ml) were taken
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at 24-hour intervals to analyse the protein expression. All these methods followed the
manufacturer’s instructions (Invitrogen, 2002).

2.6 Analysis of Expressed Recombinant Protein

Protein expression was analysed on 12% SDS polyacrylamide gel [15]. Two sets of
gels were prepared where one set was subjected to Coomasie blue staining and the other
set was subjected to Western blot analysis. Samples (20 ul) were loaded into each well of
the gel.

For Western blot analysis, proteins separated by SDS-PAGE was transferred onto
nitrocellulose membrane, blocked and incubated overnight with the primary antibody
(1:5000). Afterwards, the membrane was washed with buffer and incubated with the
polyclonal goat anti rabbit IgG-alkaline phosphatase conjugate used as the secondary
antibody for another six hours. The membrane was incubate in a combination of NBT and
BCIP (Bio-Rad Laboratories, USA) for colour development.

3. RESULTS AND DISCUSSION

3.1 Cloning and Transformation into P. pastoris Host

The B. subtilis ASUIA243 phytase gene was successfully amplified by using the
designed primers, Bnsf5pp and Bsnr6Pp. The primers were designed in such that the N-
terminal of the gene was in frame with the a-factor signal sequence and the C-terminal of
the gene contained no stop codon to include the c-myc epitope and 6x-His tag. From the
gel electrophoresis (Fig. 1), the bands were located at approximately 1,149bp which is the
size of B. subtilis phytase gene according to the original DNA template obtained from the
NCBI website.
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Fig. 1: Gel electrophoresis of B. subtilis ASUIA243 phytase gene by using Bsnf5Pp and
Bsnr6Pp primers. The bands are located at approximately 1,149bp.

The phytase gene 243HPp was successfully ligated into the expression vector
pPICZaA and transformed into the One Shot® TOP10 E. coli in order to get many copies
of the recombinant plasmid. Re-screening was done to ensure that the clones were not
false positives that caused by nonspecific binding. According to Dale and von Schantz
(2002) [16], the re-screening of recombinant colonies is a common practice to pick a
recombinant colony that is free from contaminating neighbours. The true positive colonies,
pPICZaA-243HPp were then grown in low salt LB broth, plasmids were extracted and
sent for sequencing (Fig. 2).
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Fig. 2: Sequencing result of pPICZaA-243HPp shows that the phytase gene is in frame
with the a-factor signal sequence (italic and green highlighted), c-myc epitope (blue
highlighted) and the 6x-His tag (yellow highlighted).

The positive recombinant plasmids were linearized with Pmel before being
transformed into the P. pastoris X33 competent cell. The linear vector DNAs can generate
stable transformants of P. pastoris via homologous recombination between sequences
shared by the vector and host genome [17]. By linearizing the recombinant vector at the
unique site located in HIS4 region, Mut+ recombinants were generated [18]. About 38
colonies were selected for multiple gene copy screening, and among these 38 colonies,
only 12 colonies contained multiple copy of gene while others were not grown on the
1000ug/ml Zeocin plate. Colony-PCR was performed on seven of the 12 colonies to
determine stable integration of the gene inside the host genome (Fig. 3). One positive
clone, X243HPp#2 was selected for shake-flask expression.
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Fig. 3: Gel electrophoresis of colony-PCR. Number #1, #2, #17, #22, #23, #25 and #26
are the positive colonies from high copy selection.

Vector only is the host with pPICZaA only; +ve is the extracted recombinant plasmid with
inserted gene; extract vector is the extracted pPICZaA; -ve is the mixture of PCR reagent
with primers only. The result shows that all clones except #26 have stable integrated gene.
The upper bands are located at appr. 2200bp while the lower bands are the inserted genes
with parent plasmid PCR products (1149bp + 588bp = 1737bp). For the vector only, the
result shows two bands, the upper one is the AOX1 gene (2200bp) and the lower one is the
parent plasmid PCR product (588bp). For +ve, the band indicates the positive result for the
gene of interest (1737bp).

3.2 Expression of Recombinant Phytase in P. pastoris

As shown in Fig. 4, there is no expected band appeared on the SDS-PAGE gel after 4
days of induction. The predicted size of phytase X243HPp#2 is about 45.02 kDa
(including the c-myc epitope and 6x-His tag). Similarly, no bands were detected on the
membrane for Western blot analysis (data now shown). This indicates that no protein was
expressed during the induction. However, from the colony-PCR result, we can see that the
gene was indeed integrated in the host genome and the DNA sequencing result confirmed
that the phytase gene is in frame with the a-factor signal sequence, c-myc epitope and the
6x-His tag. These results showed that the phytase gene has correctly been inserted into the
yeast genome.

Since there was no expressed protein detected on the SDS-PAGE gel and
nitrocellulose membrane, there might be a few reasons that would explain this problem.
There are many cases of protein expression failure but only fews were reported. Burt et al.
[19] explained three main reasons for the lack of expression of biologically active proteins
in heterologous system. Host cell lacking components for translation of recombinant
protein, the heterologous protein being prone to proteolysis as it emerges from translation,
and incomplete or improper folding of heterologous protein can be some of the reasons
that lead to the failure of protein expression in heterologous system.

Sreekrishna et al. [20] listed two possible factors which influence protein expression
in Pichia systems; untranslated regions in recombinant mRNA, and transcriptional and
translational blocks. Since the phytase gene was correctly inserted into the yeast genome,
there is also a possibility of excessive transcription. Gasser et al. [21] reported in their
work that excessive transcription may cause cellular stress, such that the production rate of
polypeptides can be rapid and interfere with correct protein folding. Only properly folded
and assembled proteins can be exported within the yeast cell, modified and and
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transported to the extracellular space [22]. Misfolded or aggregated proteins in the cell
will be degraded inside the cell [23]. Accumulation of unfolded or misfolded proteins in
the cell can also suppresses transcription of the secretory target protein [24].
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Fig. 4: SDS-PAGE result for induction of phytase X243HPp#2. X33: Untransformed host
cell; V: P. pastoris X33 transformed with pPICZaA vector only; C: Multiple gene copy
clone (X243HPp#2); UN: clone that was grown in media without methanol inducer; M:
protein low range standard marker. There is no expected band appeared on the gel for all

four days of induction.

There are many possibilities that can lead to the failure of protein expression in
Pichia pastoris. Although only few have been reported, these can be the possible reasons
for the problem in this work. Further investigation needs to be conducted. The process
conditions and media compositions during the induction time can be other possible
reasons for the failure of protein expression and these two conditions should be optimized.
Romanos (1995) [25] reported that a critical factor that has long been recognized to affect
induction efficiency is aeration of P. pastoris culture because in shake-flask inductions,
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the tendency of cultures, especially Mut" strains, to become oxygen-limited is quite high.
Besides that, changing the codons in the foreign gene that those of codons more frequently
used by the yeast significantly improves the levels of expression of those foreign genes
[26]. The A+T ratio of a foreign gene can be changed to one more similiar to the P.
pastoris genome to improve expression [27].

Changing the expression vector to other alternative vectors is also possible to improve
the protein expression. The pPICZaA vector contains AOX1 promoter which requires
methanol as an inducer. When methanol is oxidized by the alcohol oxidase, the
accumulation of the oxidized products, formaldehyde and hydrogen peroxide, can lead to
toxicity for the host cell itself, which also can be one of the factors for protein expression
failure [28, 29]. Therefore, changing to other alternative expression vector for protein
secretion such as pGAPZa can be a better solution for this problem. This vector has the
glyceraldehyde-3-phosphate (GAP) promoter which does not require methanol for
induction, and it is not necessary to shift cultures from one carbon source to another,
making strain growth and protein expression more convenient and straightforward [30].

4. CONCLUSION

Despite of the problem occurred, P. pastoris has become one of the favourite
expression systems for the production of various proteins of interest. It is well known that
P. pastoris secretes very little native protein, providing an advantageous means to recover
foreign secreted protein from the supernatant. Other advantages of using P. pastoris
expression system are ease of fermentation to high cell density, genetic stability and scale
up without loss of yield [31], molecular genetic manipulations are simple and protocols
are available, can be grown in a simple mineral salts medium [32], high eukaryotic protein
modifications such as glycosylation, disulfide-bond formation and proteolytic processing
[33].

In this research, the failure of protein expression can be further investigated. It is
suggested that the process conditions and media compositions should be optimized to
improve the cell growth and protein expression, since the phytase gene was integrated
stably in the host genome. The same clone can be used for the optimization or the gene
can be re-transformed into a new competent cell. Since there are many reports of
successful production of heterologous phytase from various sources using P. pastoris
expression system, it is possible that our phytase can also be expressed using this
expression system after further investigations are conducted.
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