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Abstract: In this study, the phytase gene, AppA, derived from Escherichia coli B48 was synthesized by whole gene, and cloned into
PHKA vector for secretion expression in Pichia pastoris GS115. In order to further increase the expression of phytase in Pichia pastoris, this
study adopted the optimization method based on the combination of signal peptide, promoter, gene dose and protein folding flux, which led to an
ultimate increase of the phytase activity in Pichia pastoris from 329.41 U/mL to 1892.51 U/mL (5.75 times as high as that of the original strain).
The basic enzymatic properties of phytase AppA were preliminarily determined, and the optimum temperature and pH were 60 ‘C and 4.5,
respectively. After a 60-min treatment at 60 “C, 40% of the phytase activity was retained, indicating poor thermal stability. After a 6-h treatment
at pH 6.0~7.0, 87% of the enzyme activity was retained, indicating good stability in a weak acid environment. The effect of divalent metal ions
on phytase activity was also studied. Fe** could activate phytase AppA, while ions such as Cu>", Ni*" and Mn*" may inhibit the activity of
phytase AppA through forming a complex with phytic acid. The high stability of the enzyme under acidic conditions is advantageous for its
application in the field of food processing.
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H1 pGAPB. BRI AR AR B TR AR S
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(1) BMGY #itkRzR3E: 1% (w/v) BERHREL
M, 2% (W) BEARE, 1.34% (W/V) YNB, 1%
(w/v) Hill, 10% (777D 1 MpH 6.0 FIBSBR 22T,
115 ‘CKB 20 min;

(2) BMMY #ifkEr775E: BMGY ¥578EH 1%
(W) HimEH N 1% (7)) HEE, HAAREE,

(3) YPDZ “FHR: 1% (W/V) BERHEEW), 2%

(w/v) EAWE, 2% (W) FERE, 2% (W/V) B
JE#Y. 115 CKHH 20 min JG{E#NR SR, 4 CHR
4% ;s

(4) MD [EfAEF7%E: 1.34% (W/V) YNB, 2%

(W/V) Hi%idE, 2% (v fekr. 115 CKE 20

min JE7EBF G EPFR, 4 CIRAAE

(5) 0.25 mol/L ZPRANZZIMIK: 20.51 g oK LPR
BHIIN 900 mL JK¥Af#, FUKEERR pH 22 5.5, T2
1L

(6) 7.5 mmol/L HEFENETR: 0.693 g fHERHNH
0.25 mol/L ZFRANZEIMPEA 2 100 mL, FEHUKEETR
W pH £ 5.5, 4 CUKFH1RAT

(7) WEERFSH: 76 mL EERIIA 124 mL 7KH,
WECIRATE s

(8) 100 g/L HHR%:: 10 g HHFREAART 80 mL
KA, AN 10 mL 20K, EZZ 100 mL;

(9) 2.35 g/L LR : 0.235 g PUEREHAT 90 mL
KA, I0 2 mL AHRRIEAR, AR 100 mL, EEOGLRAE

(10) 2B IR AR IR i IR=1:1:2, LA
Be, MZE BRI
1.13 KA AR E

KOD FX SRR G T HARFES AT

TADNA 428 ST TaKaRa 2] ; PCR P24 AU,
AU B R [ S A 0 oA B2 E i e g S
TREEEIAT]; TERHEHFFRE R ST 5 [E
Oxoid 22 7]; A NEA YNB TR IEEE RIS T35
BD-Difco A ; MultiskanAscen 1Y 25 S%F Thermo
Electron Corporation; &7 N E =43 Hr4ti.
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Table 1 Gene amplification primer and its constructed vector

HE %S HE7 V=1 MIFEHBAR
Phy-F 5"-CGCGGAATTCCAGAGTGAGCCTGAGTTGAAAC-3’ PHK A--phy
Phy-R 5. ATTTGCGGCCGCTTACTACAAGGAACAAGCTGGGATTC-3’ pPICZAm-a-phy
MF-F 5°-GGGCTTCGAAACGATGGCTATTCCATTTCCATCTATCTTC-3’ PHKA-MF-phy
MF-R 5*-CCGGAATTCAGCCTCAGCCTCTCTCTTTTCG-3’ pPICZAm-MF-phy

AOXm-F 5"-GGAAGATCTAACATCCAAAGACGAAAGG-3’

AOXm-R 5*.GGCTTCGAATAATTAGTTGTTTTTTGATCTTCTCAAG-3’ PHK Am-MF-phy

HACI-F 5. CGCGGAATTCATGCCCGTAGATTCTTCTCATAAG-3’

HACI-R  5-AAGGAAAAAAGCGGCCGCTCACCTGATCGCTATGCATGTC-3’ pPICBA-Hacl
P180-F 5*-CGCGGAATTCGATGGACATCTATGACACACAGAC-3’

P180-R 5*-AAGGAAAAAAGCGGCCGCCCCGCGGTTATGGGTCTCC-3" PGAPB-PI80

A KIS ABILEFT.
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H1, 7 YPDB “PAR kAT L. H XmaJl ZetEAL
pPICBA-Hacl-GAP-P180 #A& Hi 4% %] AOXm-MF-Phy-
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Fig.2 Growth curve (a) and phytase expression (b) of

recombinant P. pastoris
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Fig.3 Growth curve (a) and phytase expression (b) of two-copy
phytase recombinant P. pastoris
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Fig.4 Growth curve (a) and phytase expression (b) of
overexpress Hacl and P180 in two-copy phytase recombinant P.
pastoris
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Fig.5 SDS-PAGE analysis of recombinant phytase AppA
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Fig.6 Determination of optimum temperature of phytase AppA
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Fig.9 Determination of pH stability of phytase AppA
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X HEIRIE AppA WE JHIREN, SRR 2 Fs. MR
AT LAE NN Fe'J, TERRAE AppA (3% J14 5k
JFORIN 135%, X5 Fe* e R h iRk
FOMOSE FRRE, BRI e N BT
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Table 2 Effect of divalent metal ions and chemical reagents on

phytase enzyme activity

Metal ions  Concentration ~ Relative activity/%

No addition - 100
Ba®! 0.5mM 82.06+1.72
Ca*" 0.5mM 62.45+0.44
Mn*" 0.5mM 72.7240.68
Cu** 0.5mM 10.47+0.21
Fe?* 0.5mM 134.91+0.26
Mg** 0.5mM 56.4040.55
Ni?* 0.5mM 7.70
Zn*t 0.5mM 53.97+4.28
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HAbHE 6 h, EEESINIRER 87%LL I, T AR
IR (R BRI BAR /) pH A2 E Y e — M BB T
i, Fe® BN IR ITVE A H T RS RS AR R I M R
AppA JEME. JELEAT LURBRE SR TR BOHZ R

T VEOE . B 2B & N e (1
N FHVE -

A LK

[1] Reddy N R, S K Sathe, D K Salunkhe. Phytates in legumes
and cereals [J]. Advances in Food Research, 1982, 28(4): 1-
92

[2] ZEHHE, B AR, R P A BRI/ B T PN ] &
i 1F4,2006,3:5-8
LI Wei-wei, LYU Ji-xiang, LIU Jun-hong. Application of
phytase in food industry [J]. Food Engineering, 2006, 3: 5-8

[3] Tovar L R, M Olivos, M E Gutierrez. An alcoholic drink
from rural Mexico, contains phytase, its in vitro effects on
corn tortilla [J]. Plant Foods for Human Nutrition, 2008.
63(4): 189-194

(4] ZFEgHE I, e i B A R ) A SN T T € [C.
B FRIAE PR b R R T, 2005
LI Lu-sheng, FENG Ding-yuan, ZUO Jian-jun. Progress in
the production and application of phytase [C]. Application of
Enzyme Preparation in Feed Industry, 2005

[5] ZRIR TRy AppA R sele. ik L=~
[D]. PP F R ,2011
LI Qi-you. Cloning, Expression and enzymatic properties of
phytase AppA gene [D]. Chongqing: Southwest University,
2011

[6]  ZE7K.iRARIK MG BRI RE A S RS S KT S R, Wselp
fRREZE(D]. M AR B TR A452018
LI Cheng. The Formation of the endoplasmic reticulum and
the regulation of Wsclpin the high expressing phytase of
Pichia pastoris [D]. Guangzhou: South China University of
Technology, 2018

[71 Macauley-Patrick S, Fazenda M L, Mcneil B, et al
Heterologous protein production using the Pichia pastoris
expression system [J]. Yeast, 2005, 22(4): 249-270

(8] REEAE AR T IR A X AR AR SR BT
SR A=A 5 A M HE 2417,2003,35(2):154-160
XIONG Ai-sheng, PENG Ri-he. Effects of signal peptide
sequences on expression of exogenous proteins in Pichia
pastoris [J]. Journal of Biochemistry and Biophysics, 2003,
35(2): 154-160

[9] Hartner F S, Ruth C, Langenegger D, et al. Promoter library
designed for fine-tuned gene expression in Pichia pastoris [J].
Nucleic Acids Research, 2008, 36(12): 76

[10] Tyo KE, Liu Z, Petranovic D, et al. Imbalance of

heterologous protein folding and disulfide bond formation

143



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.12

[11]

[12]

rates yields runaway oxidative stress [J]. Bmc Biology, 2012.
10(1): 16.

Huang M, Bao J, Hallstrdm B M, et al. Efficient protein
production by yeast requires global tuning of metabolism [J].
Nature Communications, 2017, 8(1): 1131

Zhu T, Guo M, Tang Z, et al. Efficient generation of
multi-copy strains for optimizing secretory expression of
porcine insulin precursor in yeast Pichia pastoris [J]. Journal
of Applied Microbiology, 2010, 107(3): 954-963

Wodicka L. Functional and genomic analyses reveal an
essential coordination between the unfolded protein response
and ER-associated degradation [J]. Cell, 2000, 101(3):
249-258

Graf A, Gasser B, Dragosits M, et al. Novel insights into the
unfolded protein response using Pichia pastoriss pecific
DNA microarrays [J]. Bmc Genomics, 2008, 9(1): 390
Damasceno L M, Huang C J, Batt C A. Protein secretion in
Pichia pastoris and advances in protein production [J].
Applied Microbiology and Biotechnology, 2012, 93(1):
31-39

Pt Yt i S R ILUTIE BRI SR 2 BR . Hacl
TEHR (13 W PR 4% (K D RE[D]. B : P A AR AR K 5,
2017

[17]

[19]

[20]

FANG Yan-hua. Chromatin Immunoprecipitation technique
to analyze the function of transcriptional regulatory protein
Hacl in protein secretion regulation [D].

Northwest A & F University, 2017

Xianyang:

Becker F, Block-Alper L, Nakamura G et al. Expression of
the 180-kD Ribosome Receptor

Induces Membrane
Proliferation and Increased Secretory Activity in Yeast [J].
The Journal of Cell Biology, 1999, 146(2): 273-284

P, RIIBUE, H 2538, 55 KT IR AR g AppA HEA K58
B RIE S LRI TLPAOY4%,2017,29(11):1-6,16
RAN Rui-fa, LIU Shu-juan, XIAO Sheng-yan, et al. Cloning,
expression and characterization of Phytase App4 Gene in
Escherichia coli [J]. Jiangxi Journal of Agricultural Sciences,
2017,29(11): 1-6, 16

Hou J, Osterlund Tobias, Liu Z, et al. Heat shock response
improves heterologous protein secretion in Saccharomyces
cerevisiae [J]. Applied Microbiology and Biotechnology,
2013, 97(8): 3559-3568

Tu B P, Weissman, and J S, The FAD- and O-dependent
reaction cycle of Erol-mediated oxidative protein folding in

the endoplasmic reticulum [J]. Molecular Cell, 2002, 10(5):
983-994

(35 231 7O

(28]

[29]

144

AT R T B, W E 4,55 20080 B0k 2RIk 2 piAH.
e DU P MR PR TE[J]. 8 97241, 2004,1:57-60
NI De-jiang, CHEN Yu-qiong, XIE Bi-yun, et al. Studies on
composition, antioxidation and hypoglycemic effects of
polysaccharides from green tea, oolong tea and black tea [J].
Acta Nutrimenta Sinica, 2004, 1: 57-60

R 2 LR A WA, S5 R IR HE I R T 2k 20 SR
FERARAIT FE[I]. 2 ALK 27 2412,2012,39(4): 580-584
ZHAO Xue-feng, PENG Chuan-yi, GU Xun-gang, et al.
Changes of tea polysaccharide and pectin during fermentation
process of Pu-erh tea [J]. Journal of Anhui Agricultural
University, 2012, 39(4): 580-584

TRICEE XSR5SR, 55 A R R R PR 2 W T
EAIFF[I). B i T RHE,2010,31(3):114-116

ZHANG Wen-yan, LIU Wen-jun, YUAN Wen-xia, et al.
Study on changes of molecular weight of Puer tea

polysaccharide during fermentation [J]. Science and

[32]

[33]

Technology of Food Industry, 2010, 31(3): 114-116

RISIR IR o TN 2R, B IV A, 552 At A58 2 il AR T2 ) 6 21 oK
FARAE).T A6 T,2016,16:25-26

ZHENG Xiao-feng, HOU Li-ran, LIAN Ya-nan, et al
Preparation and characterization of nano-selenium using
Platycodon Grandiflorum polysaccharides as soft template
[J]. Guangdong Chemical Industry, 2016, 16: 25-26

Lin Ze-hua, et al

Liao Wen-zhen, Yu Zhi-qiang,

Biofunctionalization of selenium nanoparticle with
Dictyophora  Indusiata  polysaccharide  and  its
antiproliferative  activity through death-receptor and

mitochondria-mediated apoptotic pathways [J]. Scientific
Reports, 2015, 5(18629): 1-13

Xu Ping, Wu Jing, Zhang Yi, et al. Physicochemical
characterization of puerh tea polysaccharides and their
antioxidant and alpha-glycosidase inhibition [J]. Journal of

Functional Foods, 2014, 6: 545-554



