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Abstract

Background: Escherichia coli phytase is an acidic histidine phytase with great specific activity. Pichia pastoris is a powerful system for the
heterologous expression of active and soluble proteins which can express recombinant proteins in high cell density fermenter without
loss of product yield and efficiently secrete heterologous proteins into the media. Recombinant protein expression is influenced by
expression conditions such as temperature, concentration of inducer, and pH. By optimization, the yield of expressed proteins can
be increase. Response surface methodology (RSM) has been widely used for the optimization and studying of different parameters in
biotechnological processes.

Objectives: In this study, the expression of synthetic appA gene in P. pastoris was greatly improved by adjusting the expression condition.
Materials and Methods: The appA gene with 410 amino acids was synthesized by P. pastoris codon preference and cloned in expression
vector pPinko-HC, under the control of AOX1 promoter, and it was transformed into P. pastoris GS115 by electroporation. Recombinant
phytase was expressed in buffered methanol-complex medium (BMMY) and the expression was analyzed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and enzymatic assay. To achieve the highest level of expression, methanol concentration,
pHand temperature were optimized via RSM. Finally, the optimum pH and temperature for recombinant phytase activity was determined.
Results: Escherichia coli phytase was expressed in P. pastoris under different cultivation conditions (post-induction temperature, methanol
concentration, and post-induction pH). The optimized conditions by RSM using face centered central composite design were 1% (v[v)
methanol, pH =5.8, and 24.5°C. Under the optimized conditions, appA was successfully expressed in P. pastoris and the maximum phytase
activity was 237.2 U/mL after 72 hours of expression.

Conclusions: By optimization of recombinant phytase expression in shake flask culture, we concluded that P. pastoris was a suitable host
for high-level expression of phytase and it can possess high potential for industrial applications.
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1. Background

Phytate (myo-inositol hexakisphosphate) is the major
storage form of phosphorous in plant seeds (1). It has an-
tinutrient role by complexing with proteins and it can
also chelate divalent cations and decrease the bioavail-
ability of phosphorus (2). Animals like poultry and pig
are unable to digest phytate phosphorus due to the lack
or low level of phytase activity in their intestines; so, in-
organic phosphate is used as a feed supplement (3). Phy-
tase (EC 3.1.3.8) is a histidine acid phosphatase capable
of hydrolyzing phytate and releasing phosphate groups
(4). It is usually used as a feed supplement to effectively
improve phosphorous utilization and reduce fecal phos-
phorous excretion in such animals (1). Different phytase
genes from Escherichia coli (1, 5), Bacillus sp. (3, 6), Asper-
gillus niger (7, 8), and plants (9) have been cloned and ex-
pressed. High phytases activity, thermal and pH stability,

degradation of different phytate forms and production
yields are required for industrial applications (10). Esch-
erichia coli phytase is an acidic histidine phytase which
can degrade phytate in acidic pH in the stomach (11). Re-
searchers showed that the phytase gene (appA) of E. coli
had the greatest specific activity among the different
recombinant expressed phytases (12) and it is more resis-
tant to pepsin activity than fungal phytases (13).

For recombinant proteins production, various hosts
such as bacteria, yeast, plant or insect cells are used.
Methylotrophic yeast expression system, besides provid-
ing high expression level, simplicity of manipulation and
stable transformation, can be utilized for increasing the
stability of proteins and they have a high growth rate on
simple and inexpensive medium (14). Pichia pastoris is a
powerful system for the heterologous expression of ac-
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tive and soluble proteins which can express recombinant
proteins in high cell density fermenter without loss of
product yield and efficiently secrete heterologous pro-
teins to the media (15). AOX1is a strong promoter induced
by methanol in P. pastoris and the recombinant gene un-
der the control of the AOX1 promoter is highly expressed
in the presence of methanol as the sole carbon source
and is repressed by most other carbon sources (16).

Recombinant protein expression is influenced by mul-
tiple parameters including the expression host strain
and expression conditions such as temperature, induc-
er concentration, pH, induction time, and composition
of the culture medium. By optimization of these param-
eters, the yield of expressed proteins can be increase.
For optimization of protein expression, conventional
one-factor-at-a-time method can be used (17). In this
method one factor changes, while all other factors are
kept fixed. This method is time consuming and the in-
teractions between the parameters are ignored (18). Re-
sponse surface methodology (RSM) is a statistical soft-
ware for designing experiments used for optimization
of conditions with a limited number of experiments
(19). Response surface methodology has been widely
used for studying the interactions of several parameters
during bioprocess optimization in different biotechno-
logical processes (20).

2. Objectives

The appA gene is 1233 bp long comprising one open
reading frame, encoding a polypeptide of 410 amino acid
residues which has been successfully expressed in E. coli
(21) and P. pastoris (1, 5). In this study, the appA gene was
designed and synthesized by P. pastoris codon preference.
The synthetic phytase gene was cloned and expressed in
P. pastoris successfully. We demonstrated improvement
of recombinant phytase expression in P. pastoris by opti-
mization of the expression conditions. The biochemical
properties of the recombinant phytase were also deter-
mined.

3. Materials and Methods

3.1. Strains, Plasmids, Culture Conditions and DNA
Techniques

Escherichia coli DH5a was used for cloning, transforma-
tion, and propagation. The host, P. pastoris strain GS115
and pPinke-HC plasmid (7.9 kb) were obtained from In-
vitrogen (USA). Escherichia coli was grown in Luria and
Bertani (LB, SIGMA, Germany) medium at appropriate
conditions (37°C with 200 rpm shaking). P. pastoris was
cultured in YPD , SIGMA, Germany (1% yeast extract (YE),
2% peptone, 2% glucose/dextrose) and buffered glycerol-
complex (BMGY) (1% glycerol, 1% YE, 2% peptone, 1.34% yeast
nitrogen base w/o amino acids and ammonium sulfate
(YNB), 0.0004% biotin in pH=6.0,and 100 mM potassium

phosphate buffer) media and induced in buffered meth-
anol-complex medium (BMMY) (as per BMGY except with
0.5 or 3% v/v methanol instead of the glycerol) from In-
vitrogen (USA). The growth conditions for P. pastoris was
28 -30°C and 300 rpm shaking. Unless otherwise stated,
standard DNA methodologies were used.

3.2. Design and Synthesis of the Phytase Gene

The codon preferences of E. coli and P. pastoris are sig-
nificantly different. A gene encoding phosphoanhydride
phosphohydrolase (appA) from E. coli (strain Ki2) was
designed according to its protein sequence published in
GenBank (accession No. P07102). To improve the phytase
expression in P. pastoris, codon optimization was done
to the codon bias of P. pastoris genes using NCBI-related
database at (http://www.kazusa.or.jp/codon), according
to 30 native genes known to be highly expressed in P. pas-
toris (22). Furthermore, negative secondary mRNA struc-
tures, AT-rich and GC-rich regions, and cryptic splice sites
were removed and the GC content was adjusted to 44%.
The designed sequence was synthesized by Shinegene
(China) (GenBank accession No. KP159621) and cloned
into pUC57 plasmid named pUC-Phyt.

3.3. Construction of the Phytase Expression Vector
and Transformation

The synthetic appA gene was cloned into the Xhol/Kpnl
cleavage sites of an expression vector pPinko-HC, under
the control of a methanol-inducible (AOX1) promoter
and directly downstream of an o-factor secretion signal
sequence. Recombinant pPinke-appA plasmid was lin-
earized by digestion with BspT1 restriction enzyme and
it was transformed into P. pastoris GS115 by electropora-
tion (BTX, ECM630 at 1800 V, 200 Qand 25 pF with 0.2
cm cuvette), following the Invitrogen protocol. After the
transformation, the cuvette contents were spread on PAD
plates (Pichia Adenine Dropout) and incubated at 30°C
for 10 days. As a negative control, the vector of pPinka-HC
was transformed into P. pastoris.

3.4. Polymerase Chain Reaction Analysis of Pichia
Integrants

Selected colonies of transgenic yeast were checked by
colony polymerase chain reaction (PCR) to directly test
P. pastoris clones for insertion of the appA gene. The cells
were lysed by five rounds of heat treatment in a micro-
wave oven, followed by overnight freezing. After cen-
trifuging, the genomic DNA was used as a template for
PCR, using specific primers for the appA gene (appA for-
ward: 5-AGATTGGTTGCTGACGGTTTG-3" and appA reverse:
5-GCAACAAATGAGAGACAAGACTCC-3"). The standard cy-
cling conditions used for PCRs were as follows: five min-
utes at 95°C, 30 cycles of 35 seconds at 95°C, 40 seconds at
60°C, one minute at 72°C, and one cycle for five minutes
at72°C.
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3.5. Phytase Expression in Pichia pastoris

Five milliliters of BMGY medium was inoculated with
one colony of the positive transformants and incubat-
ed at 30°C for 48 hours with 300 rpm shaking until an
0OD600 of 2 - 5 was reached. After that, the cells were col-
lected by centrifugation and induced by methanol in
BMMY induction medium at 30°C. Methanol was added
to the flasks every 24 hours to keep the final methanol
concentration at 1%. The culture supernatants were
harvested by centrifugation and the expressed recom-
binant phytase were analyzed by 12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
The amount of the total protein was determined by the
Bradford method, using bovine serum albumin (BSA) as
a standard (23).

3.6. Experimental Design and Optimization of Phy-
tase Expression Condition by Response Surface
Methodology

To enhance the expression level of recombinant phy-
tase, a design with more than two levels should be car-

ried out (24). Therefore, an RSM based on the central
composite design (CCD) was used to achieve optimized

levels of methanol concentration, pH and temperature.
Minitab 16 software (Minitab Inc., USA) was taken to de-
sign the experiment. Each factor was tested at three lev-
els: +1(the higher value of the factors), 0 (central point)
and -1 (the lower value of the factors) (Table 1). The de-
sign consisted of a central composite design with six
replications of the central points (all factor levels at 0).
The phytase activity of the secreted recombinant pro-
tein was measured in different conditions. The experi-
mental design matrix is given in Table 2. Three replicat-
ed experiments were performed for every experiment.
Non-recombinant P. pastoris host cells and Pichia trans-
formed with native vector (without insert) were used as
negative controls.

Table 1. Experimental Range of the Three Variables Studied Using
Central Composite Design in Terms of Actual and Coded Factors

Variable Levels Component Level
1 0 +1
pH 4 6 8
Methanol concentration, % 1 2 3
Temperature. °C 20 25 30

Table 2. Central Composite Design of Factors in Coded Levels With Phytase Activity as Response

Run Factor A, pH Factor B, Methanol,% Factor C, Temperature, °C Phytase Activity, U/mL
Experimental Predicted

1 -1 -1 -1 127.7 132.553
2 1 -1 1 113.1 116.923
3 1 1 -1 65.3 60.013
4 1 1 1 57.9 50.833
5 1 =l 1 98.3 102.293
6 1 1 1 87.1 89.313
7 =1 1 1 50.2 43.303
8 1 1 1 44.7 36.773
9 1 0 0 146.4 149.736
10 1 0 0 129.7 138.656
n 0 -1 0 2351 220.216
12 0 1 0 130.5 157.676
13 0 0 -1 17.3 120.976
14 0 0 1 90.2 98.816
5 0 0 0 195.5 182.019
16 0 0 0 191.4 182.019
17 0 0 0 184.9 182.019
18 0 0 0 170.6 182.019
19 0 0 (0] 1931 182.019
20 0 0 0 181.2 182.019
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3.7. Enzymatic Assay

The phytase assay was performed according to the
method of Bae (25). Briefly, 75 uL of enzyme solution was
added to300 puL substrate solution (1.5 mM sodium phy-
tate in 0.1 M sodium acetate buffer, pH = 5.0) and incu-
bated at 37°C for 20 minutes. The reaction was stopped
by adding 375 uL of 5% (w/v) trichloroacetic acid. The lib-
erated inorganic phosphate was analyzed by adding 375
uL of a coloring reagent (mixing four volumes of 1.5%
(w/v) ammonium molybdate in a 5.5% (v/v) sulfuric acid
solution and one volume of a 2.7% (w/|v) ferrous sulfate
solution) and the solution absorbance was determined
at 700 nm. One unit (U) of enzyme activity was the
amount of the enzyme releasing 1 mmol of either p-ni-
trophenol or inorganic phosphate per minute at 37°C.

3.8. Genetic Stability of Phytase Expression

To investigate the stable inheritance and stable expres-
sion levels of the appA genes in progenies, five clones of
the transgenic Pichia strain were grown on YPD for 10
cycles (after the culture reached the stationary phase on
YPD, 10 mL of the final culture was inoculated into new
100 mL YPD for the next cycle of growth. This was simi-
larly carried out for 10 cycles). Phytase enzyme activities
and appA gene expression levels were determined in the
strain after 10 generations of culture.

3.9. Characterization of Recombinant Enzyme

The optimum pH and temperature for recombinant en-
zyme activity was determined using the standard assay
at pH range of 1- 10 and temperature ranging 30 - 80°C,
respectively. For phytase optimum pH determination, dif-
ferent buffers were used glycine-HCI (pH 1 - 3.5), sodium
acetate-acetic acid (pH 3.5 - 6), Tris-acetic acid (pH 6-7),
Tris-HCI (pH 7-9),and glycine-NaOH (pH 9-10). All the buf-
fers were used at 100 mM for phytase activity.

4. Results

4.1. Codon Optimization

The appA gene from E. coli is 1233 bp long and encodes
a polypeptide of 410 amino acid residues. The coding
sequence of appA was synthesized with codon optimi-
zation of P. pastoris with codon adaptation index (CAI)
value of 0.92. During the optimization process, GC-rich
sequence, RNA instability motifs and other negative cis-
acting sequences were avoided. Comparison between the
optimized sequence (GenBank KP159621) and the wild
type (GenBank JF274478) showed 71.1% identity (Figure 1).
With optimization of the appA gene, 356 nucleotides were
changed, which led to the optimization of 295 amino
acid codons (71.8%) and a reduction in the G + C content
from 54.6% to 44% (Figure 1). According to the difference
between the codon frequencies in the Kazusa database

and native high expressed genes for Pichia, it seems that
the codon frequencies in highly expressed genes is the
more reliable choice for the optimization of genes for
high level expression.

4.2. Cloning and Expression of the appA Gene in
Pichia pastoris

For P. pastoris transformation, the synthetic appA gene
was ligated into pPinka-HC between Xhol and Kpnl sites,
resulting in a construct of pPinko-appA transformed
into E. coli DH50. Several positive clones were checked by
colony PCR with appA forward and appA reverse primers
to confirm the presence of the appA gene. Nucleotide se-
quencing of pPinka-appA confirmed that the appA gene
was inserted in frame into the plasmid. For efficient in-
tegration into the Pichia genome at the TRP2 region,
pPinka-appA was lineared by BspTl1 restriction enzyme
before the transformation.

After the transformation of Pichia, screening of the
transformants was carried out on Pichia adenine drop-
out (PAD) agar plates. Subsequently, to determine the
presence of the appA gene in transformants, the extract-
ed DNA from several colonies was used as template for
PCR screening with appA-specific primers. PCR amplifi-
cation results for P. pastoris transformants showed that
only one band appeared at 900 bp using the genomic
DNA from positive recombinant colonies as the tem-
plate (Figure 2A).

Recombinant phytase in the culture medium was ex-
pressed under the control of the AOX1 promoter, after
induction by 1% methanol in shaking flasks in BMGY me-
dium for 48 hours. Recombinant phytase (AppA) has 410
amino acids and its molecular weight is about 45 kDa
without glycosylation. As we know, when expressing in
P. pastoris, the recombinant proteins are usually glycosyl-
ated. Accordingly, SDS-PAGE analysis of the recombinant
phytase expressed in P. pastoris demonstrated a sharp
band with larger molecular mass (about 59 kDa) after
glycosylation (Figure 2B). These results indicated that the
recombinant phytase was a glycosylated protein and it
was successfully expressed in P. pastoris.

4.3. Genetic Stability of Phytase Expression

The PCR experiment on 65 colonies confirmed that 58 of
the transformants contained integrated appA sequence
in their genomic DNA. One of the advantages of protein
expression in yeast is the ability of stable transformation
in them. The stability of gene integration in recombinant
P. pastoris was confirmed by PCR verification of the appA
gene. After 10 successive generations of culture, the strain
that expressed the recombinant phytase maintained 97%
of the original phytase activity (data not shown). These
results demonstrated that the re-engineered strain with
the appA gene was stably inherited.
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Wd-AppA — CAGAGTGAGCCEGAGCTCAAGETGGARAGTGTEGTEATTCTCAGTCGTCATGGTGTEEGT ~60
Op—-AppA — CAATCTGAACCAGAATTGAAGTTGGAATCTGTTGTTATCCGTITCTAGACACGGTGTTAGA ~ 60
© S E P E IL K L, E 8 V v I V 8 R H G V R
Wd-AppA — GCTCCAACCAAGGCCACGCAACTGATGCAGGATGTCACCCCAGACGCATGGCCARCETGE ~120
Op-AppA — GCECCAACTAAGGCTACTCAATTGATGCAAGACGTTACTCCAGACGCTTGGCCARCTTGE ~120
A P T KATOQILMOQT DUVTUPDU ATWT PT W
Wd-AppA — CCEGTAARACTGGGTTGGCTGACACCEECEGGT GETGAGCTAATCGCCTATCTCGGACAT ~180
Op-RAppA — CCAGTTAAGTTGGGTTGCITGACTCCAACAGGT GGTGAATTGATCGCTTACTTGGGTCAC ~180
P VvV K L 6 W L T P R G G E L I A Y L G H
Wd-AppA — TACCAACGECRAGCGICTGGTAGCCGACGGAT TGETGGCGARARAGGGETGECCECAGTCT ~240
Op-ApPpA — TACCAAAGACAAAGATTGGTIGCTGACGGITTGETGGCTARGARGGGTTGICCACAATCT ~240
Y O R Q0 R L V A DG L L A K K G C P Q 5
Wd-AppA — GGTCAGBGTEGCGATTATTGCTGATGTEGACGAGEGTACCECTARARCAGGEGAAGCETTC -300
Op-AppA — GGTCRAGTTGCTATCATCGCTGACGTTGACGAAAGARCTAGARRAGACAGGAGAGGCTTTC -300
G 0 vV A I I A DYV DZETZ RTRIEKTGZEA A F
Wd-AppA — GCEGCEGGECTGGCACCTGACTGTGCARTARCCGTACATACCCAGGCAGATACGTCCAGT ~360
Op-AppA — GCIGCTGGITTGGCTECCAGACTGTGCTATCACTGTICACACTCAAGCTGACACTTCTTCT 360
A A G L A PDOCA ATITVHTOA AT DT S S
Wd-AppA — CCCGATCCGTTATTTAATCCICTAAAAACTGGEGTTTGECAACTGGATAACGCEGAACGTG —420
Op-AppA — CCAGACCCATTGTTCAACCCATTGAAGACTGGIGTTTGECAATTGGACARCGCTAACGTT —420
P D P L FNUPTULIEKTGV C Q L DN A N V
Wd-AppA — ACTGACGCGATCCTCAGCAGEGCAGGAGGETCAATTGCTGACTTPACCGGECATCGECAR ~480
Op-AppA — ACTGACGCTATCTTETCTACGAGCTGCTGCTTCTATCGCTGACT TCACTGGTCACAGACAR ~480
T D A I L S RA GG S I A DTFTGH R 0
Wd-AppA — ACBGCETTTCGEGAACTGGARCGEETEETTARTTTTCCGCAATCARACTTGTGECTTARA ~540
Op-AppA — ACTGCTTTCAGAGAATTGGAPAGAGTTTTGAACT TCCCACAATCTAACTTGTGTTTGAAG ~540
T A F R EL ERV L NTFZPOQO S NTILTCTIL K
Wd-AppA — CGTGAGAAACAGGACGARAGCTGTTCATTAACGCAGGCATTACCATCGGARCTCAAGCTE —600
Op-AppPA — AGAGRAAAAGCAAGACGAATCITGTTCATTAACTCAGGCETTGCCATCTGAATTGAAGGTT 600
R E K Q D E S ¢ 8 L T Q A L P S E L K V
Wd-AppA — AGCGCCGACAATGTCTCAT TARCCGGTGCEGTAAGCCTCGCATCAATGETGACGGAGATA —660
Op-AppA — TCTGCTGACAACGTITCTTTGACTGGTGCTGTIICTT TGCCTTCTATGTITGACTGAARTE - 660
S A DNV 8 L T GAV S LA SMMTL T E I
Wd-AppA — TTECTCCTECAACAAGCACAGBGGARTGCCEGABCCEGGETCGGGARGBATCACEGATNTCA ~720
Op-AppA — TTETTETTACAGCAAGCTCAAGGTATGCCAGRACCAGETTGGGETAGARTCACTGACTCT -720
F L L Q Q A Q G M P E P G W G R I T D S
Wd-AppA — CACCAGTGGAACACCTTGCTAAGTTTGCATAACGCEGCAATTETATTTGECTACAACGEACE ~780
Op-AppA — CACCRATGGAACACTTTGETGTCTTTGCACAACGCTCAATTCTACTTGTITGCARAGAACT —730
H O WNTTIL L S L HNU AU OTFYTUILULOQT RT
Wd-AppA — CCAGABGTTGCCCCCAGCCCECGCEACECCET TAT TAGATTTGATCAAGACAGCETTGACG —840
Op-AppA — CCAGAAGTTGCTAGATCGAGAGCTACTCCATTETTEGACT TGATCAAGACTGCTTTGACT -840
P E V A R S R A T P L L DL I K T A L T
Wd-AppA — CCECAECCACCECAAAMACAGBGCETATGCTGTEACAT TACCCACTTCAGTECTGTTIATC ~900
Op-AppA — CCACACCCACCACAAAAGCAAGCETACGCTGTTACTET TEGCCAACTTCEGTTTITGTTCATC —900
P H P P Q K Q A Y 6V TLUPT S V L F I
Wd-AppA — GCEGGACACGATACTAATCTGGCAAATETEGGEGEEGCACTGGAGETCAACTGGACGETT 960
Op-AppA — GCTGGECACGACACTAACTTGGCTAACTTEGCTGETGCTTTGGAATTGAACTGGACTTTG — 960
A G HDTNTLA ANTLTGTGA ATLELNWT L
Wd-AppA — CCCGGTCAGCCEGATAACACECCECCAGGTGGTGAACTGGTETTTGARCGCTGGCGTCGE ~1020
Op-AppA — CCAGGTCAACCAGACAACACECCACCAGGTGGTGAATTGGTTTTCGARAGATGGAGAACA -1020
P G Q P DNTU&PUP G GETLUVFET RUW®WR R
Wd-AppA — CTAAGCGATARCAGCCAGTGGATTICAGGTTTCECTGGTET TCCAGACTTTACAGCAGATG ~1080
Op-AppA — TTETCTGACAACTCTCAATGGATACAAGTTTCTTTGGTTT TCCAARCTTTGCAACAAATG 1080
L S DN S Q@ W I Vv S L V F Q@ T L Q Q0 M
Wd-AppA — CGTGATAAARCGCCECTGTCATTAAATACGCCECCCGGAGAGGTGARAACTGACCCTGGCA ~1140
Op-AppA — AGAGACAAGACTCCATTGTCTITTEAACACTCCACCAGGTGAAGTTARGTTGACTTTAGCA ~1140
R D K T P L 8 L NT PP G E V KL T L A
Wd-AppA — GGATGTGAAGABCGAAATGCECAEGGEATGTGT TCETTGGCAGGTTTTACGCAAATCGTE ~1200
Op-AppA - GGPETGTGAAGAAAGAAACGCTCAAGGTATGTGTTCETTGGCTGGTTTCACTCAAATCGTE -1200
G ¢ EERNAO QG GMMOCSTUILATGT FEFTOQTI V
Wd-AppA — AATGAAGCACGCATACCEGCETGCAGTTTGTAA -1233
Op-AppA — AACGAAGCTAGAATCCCAGCTTGITCTTTGTAG -1233
N E A R I P A C 8 L *

Figure 1. Comparison of Nucleotide Sequences Between the Optimized appA Gene (Op-appA) (GenBank Accession No. KP159621) and the Wild Type appA
Gene (Wd-appA) (GenBank Accession No. JF274478)
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Figure 2. PCR and SDS-PAGE Analysis of Recombinant Phytase

1 2 3 4 5 6 M 7

A) PCR analysis of the appA integration in P. pastoris chromosome. Lanes 1- 5: colony-PCR on transformed colonies. Lane 6: P. pastoris with pPinke-HC as a
negative control. Lane M: DNA marker, lane 7: pPinkae-appA plasmid as a positive control. B) SDS-PAGE analysis of the recombinant phytase from P. pastoris.
Lane M: protein molecular marker. Lane 1,2 and 3: samples of phytase expression from culture supernatant at 48, 36 and 24 hours induction, respectively.

4.4. Experimental Design and Statistical Analysis
for Optimization of appA Expression by Pichia pas-
toris in Shaking Flask

Recombinant P. pastoris strain containing the appA
gene was inoculated in BMGY medium, until an OD600
value of 2 - 5 was reached. BMMY medium was used as the
optimal medium for the expression of recombinant phy-
tase. For continuous expression, every 24 hours, metha-
nol was added to the flasks and the phytase activity in
supernatants was measured after 72 hours. P. pastoris
transformed by pPinke-HC plasmid as a negative control
had no endoglucanase expression.

The use of statistically based experimental design is a vital
tool in optimization of expression conditions which may
increase phytase production. RSM has many advantages
such as the factor effects and determination of the opti-
mum values with interaction of different factors in less ex-
perimental requirements (20, 26). The levels of factors (pH,
methanol concentration and temperature) and the effect
of their interactions on phytase activity were determined
by central composite design of RSM. Twenty experiments
were carried out at different combinations of the factors,
which are shown in Table 2. The predicted and experimen-
tal responses are shown in Table 2 the results were ana-
lyzed. The second-order regression equation provided the
levels of phytase activity as the function of pH, methanol
concentration and temperature, which can be presented in
terms of coded factors as in the following equation:

¥ phytase activity () = +182.019 - 5.54 4-31.278-11.08C
1) _ 37.8227A2+ 6.92727B2—72.1227C2 +1.6125AB + 0.6625AC + 3.3875BC

Where the response (Y) is the phytase activity, while A, B
and C are pH, methanol concentration and temperature,
respectively. This equation can be used to predict the
phytase activity within experiments. Figure 3 shows the
agreement of actual and predicted response values.

250 -
y=0.9672x +4.2764

R?=0.9672 *
200

150 -

Predicted

100 -+

50 -

0 T T T T 1
0 50 100 150 200 250

Actual

Figure 3. Predicted Response Versus Actual Value

The response surface plots and their corresponding
contour plots described by the second-order polynomial
equation are illustrated in Figure 4. It demonstrates that
the peak of the surface in the model contained the en-
tire optimum region for phytase activity (24). With the
prediction of the maximum phytase activity, an optimal
design was carried out with the aid of Minitab 16. A maxi-
mum phytase activity (221.28 U/mL) was predicted at the
following condition: pH = 5.8, 1% of methanol concentra-
tion and 24.5°C. In our experiments, appA was success-
fully expressed at optimum conditions using the P. pasto-
ris yeast for 72 hours. The maximum phytase activity was
237.2 U/mL (mean result of three repetitions), suggesting
that experimental and predicted values were in good
agreement, validating the model.

4.5. Effect of Different pH and Temperature Values
on Phytase Activity

We studied the pH effects on enzymatic activity of AppA
protein (Figure 5A). It exhibited a single pH optimum of
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4.5 for phytase activity while it kept more than 80% of the =~ temperatures (Figure 5B). It exhibited maximum phytase
maximal activity in the pH range of 3.5 - 5. We then mea-  activity at 60°C and the recombinant enzyme kept 70% of
sured the activity of the recombinant enzyme in different its activity in the range of 45% - 70°C (Figure 5B).

Figure 4. Response Surface Plot and Its Contour Plot Described by the Y Model
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activity; E and F show the effect of methanol concentration (B) and temperature (C) on phytase activity.

Jundishapur ] Microbiol. 2015;8(12):e27553 7



Akbarzadeh A et al.

Figure 5. Characterization of the Recombinant Phytase From Pichia pastoris

100
804
60

40+

Relative Enzyme Activity (%)

204

_..
Ny
w

pH

100

Relative Enzyme Activity (%)
[=2]
o
1

Temprature

A, Effects of different pH on phytase activity. Recombinant phytase has maximum activity at pH = 4.5; B, Effects of temperature on enzyme activity. The
highest activity was observed at 60°C. Each value is the mean of three replicates. The error bars indicate standard error.

5. Discussion

Recently, P. pastoris has become a commercial expres-
sion system for recombinant expression of different
proteins. P. pastoris has a lot of advantages as an expres-
sion host including a strongly inducible promoter, stable
transformation and high cell density fermentation (8).
For increasing the recombinant protein expression in P.
pastoris, codon optimization technique has been widely
used (27, 28). Moreover, Sinclair and Choy demonstrated
that rare codons decrease mRNA stability and its transla-
tion rate, while high G+C contents could cause reduced
translational yields or even failed expression (29). We op-
timized the appA gene with P. pastoris codon preference
and reduced the G+C content from 54.6% to 44%, closer to
the average G + C content of other highly expressed genes
in P. pastoris (30). Bae et al. previously expressed native
appA gene in P. pastoris without codon optimization (25).
The lower expression level (100 U/mL) compared to our
results (237.2 U/mL) might be because of codon prefer-
ence differences between E. coli and P. pastoris. A previous
study showed that codon optimization can increase the
recombinant protein expression by 2 - 3 folds (22).

Here we tried to reach the maximum phytase activ-
ity by P. pastoris expression system; so, a scientific and
effective method was required to improve the yield of
recombinant phytase production. Previous researches
demonstrated that the culture condition and inducer
concentration were effective factors in recombinant pro-
tein expression (31, 32). Therefore, three different factors
including the expression pH, expression temperature
and methanol concentration were selected to investigate
here and the corresponding levels were determined ac-
cording to our precious work in laboratory (27).

Single factor optimization studies on expression con-

dition are highly time-consuming and we cannot inves-
tigate the interaction between different variables in an
effective way. Furthermore, with RSM, we can verify the
interactions between the variables (33). Therefore, RSM
was used to obtain the optimal conditions for desirable
responses and also reduce the number of experiments.
CCD was thus carried out to improve the phytase expres-
sion yield. CCD predicted that a maximum recombinant
phytase activity was obtained at the condition of pH =
5.8, 1% of methanol concentration (commonly used con-
ditions for protein expression in P. pastoris (16)), and
24.5°C expression temperature. For protein expression
in P. pastoris, 30°C is usual (16). However, Hong et al. (34)
demonstrated that the amount of recombinant protein
dramatically increased at lower temperature because of
the increased stability of the recombinant protein. Our
experiment results showed that the maximum recombi-
nant phytase activity was at 24.5°C. It seems that lower
temperature could cause higher enzyme activity by in-
creasing protein concentration and decreasing protein
misfolding.

Biochemical properties investigation of recombinant
phytase showed that the optimal pH and temperature
for recombinant appA were 4.5 and 60°C, respectively,
the same as native appA (21, 35). It demonstrated that
recombinant phytase expressed in yeast maintained its
activity and biochemical properties. Following the criti-
cal variables selection, the expression optimization by
RSM allowed reaching a maximum phytase activity in
the crude intracellular medium (237.2 U/mL) by optimi-
zation of the coding sequence and expression conditions
in shake flask. Our findings showed that P. pastoris was an
excellent host for phytase expression, with a substantial
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value for industrial applications. Our results can be used
for industrial expression of phytase in high cell density
fermentation.
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