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SRTGPL
ACYV phyA-as
phyA-as 5 a s
CTCGAG Xho 1 AAAAGAGAGGCTGAAGCT
pPICZaA
a 5
GAATT a
C EcoR 1
pBluescript [[ SK + phyA-as 3
TAA GGTACC Kpn
1 pBlue-
seript [[ SK + pPICZaA 1

5-GYAATT C"TC GAG AAA AGA GAG GCT GAA GCTGAA GCT

EcoR1  Xhol
Partial sequence of o-factor 4T

(phyA-as sequence)

TAAGGTACY CCAATTCGCCCTATAGT-3'
Kpnl

1 phyA-as 5'- 3'-
Fig.1 5'- 3’- end sequence design of phyA-as

1.2.2 19
DNA PCR
phyA-as
pBluescript [ SK +

phyA-as pBluescript [l SK
+ -phyA-as
1.2.3 DNA
9
phyA-as pPICZaA- phyA-as
1.2.4 SmL X-33
50mL YPD 30°C
0.1~0.5mL 500mL YPD
30C ODgy, = 1.3 ~ 1.5
4°C 1500 x ¢ Smin 500mlL 0°C
250mL 0°C

20mL 0°C 1mol/L
1mL 0°C 1mol/L

80ul. 5~ 10pg DNA 0C
Smin 1500V
25uF 2000 1mL 0°C 1mol/L

EP
30°C 90min 150pL Zeocin™
100p.g/mL Zeocin™ 1000pg/mL. YPDS

30C 2~4d
1.2.5 PCR EasySe-
lect™ Pichia Expression Kit 5'-
GACTGGTTCCAATTGACAAGC-3'
5'-GCAAATGGCATTCTGACATCC-3'
DNA Ing/uL DNA
@D95°C Smin @  2.5u Tag DNA
95°C Imin 54°C Imin 72°C
Lmin 30 @72°C 7min
PCR 0.8%
1.2.6 in-
vitrogen
1.2.7
—= pH5.5 10pL endoH
Endo-B-N-acetylglycosaminidase H 0.01u 1 ~ 2pg/pl.
50pL
100, pHS5.5 37C 5h '
1.2.8
SDS-
PAGE !
1nmol
lu
1.2.9 Zeocin™
1.2.10 pH
pH
1.2.11
12h
2
2.1 phyA-as DNA
phyA-as 2
phyA-as
EcoR 1 Kpn 1 pBluescript [[ SK
+ phyA-as pBluescript
Il SK + - phyA-as
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5'-CTGGCAGTCCCAGCATCIAGAAATCAATCCTCTTG TIGATIACTIG TCGATCAGIGGZITAT
CAATGITTCTCCGAGACTIICIICATCTTTGGGGTCAATACGCACCATTCTTCTCTCTGGE
AAACGAATCIGTCATCTCCCCTGAGGTGCCAGCCGGATGIAGAGTCACTTTCGCTCAG
GTCCTATCCAGAICATGGAIGCIAGATATICCAACCGACTCCAAGIGGTIAAGAAATACTCCGC
TCTZATTGAGGAGATCCAGCAGAACIGCTACCACCTTTGACGGAAAATATGCCTTCCTG
AAGACATACAACTACTCTTTGGGTGCAGATGACCTGACTICCAT TCGGAGAACAGGAGH
[T7GTCAACTCOGGTATCAAGTTCTACCAGUGATACGAATCTTTGACAAGAIAACATCGTT
CCATTCATCAGAITCCTCHGGATCATCTAGAGTAATCGCCTCAGGTAAGAAATTCATCGAG
GGITTCCAGAGCACTIAAGCTGAAGGATCCTAGAGCCCAGCCAGGTICAA A
AGATCGACGTTIGTCATTTCCGAGGCCTCTITCATCCAACAACACTICTIIGACCCAIGGTACT]
TGIACTGTCTTCGAAGACTCTIGAATTGGCCGATIACTIGTCGAAGCCAATTTCACTIGCCA)
[CITTCGTACCAITCCATTHGACA AHGACTGGAGAACGACCTGTCCGGTIGTTACTICTTACT]
GACACTIGAAIGTTACTTACKCTIATGGACATGTGIITCCTTCGAGACTATCTCCACTTCIAC
CGTCGACACCAAGCTGTCOCCATTCTGTGACCTGTTCACCCATGACGAATGGATCAAC
TACGACTACTTGICAGTCCTTGAAAAAGTATTACIGGICATGGTGCAGGTAACICCATTGGG,
[TCCAACCCAGIGGTIGTCUGGATACGCTAACGAGT TGATCGCCEGACTGACCCACICTICCT
GTCCACGATGACACCTCTITCCAACCACACTTTGGACICTTCTCCAGCTACCTTTICCATT]
[GAACTCTACTITTGTAGGCAGACTTTICTICATGACAAGGGTATCATCTCCATTITGTTTGC
TTTAGGTCTGTACAACQGGHACTAAGICCATTGTCTACHACTACCGTTGAGAATATCACCC
AGACAGATGGATTCTCATCTGCTTGGACTIGTTCCATT TGCTICTAGAT TGTACGTCGAG
ATGATGCAGTGTCAGIGCTIGAGCAGGAGICCACTGGTCAGAGTCTTGGTTAATGATHGAG
TTGTOCCACTGCATIGGTITGTICCIIGTTGATGCTTTGGGIAGATGTACCHGAGAT CZITTT
[GITAGAGGT TGICITTTGCTAGATCTIGG IGGTGAT TGGIGCTIGAGTGTTTTGCT -3’

2 PhyA-as
Fig.2 The artificial synthetic gene sequence of PhyA-as
The changed codons are indicated by outline.

The changed bases are indicated by italic

2.2 phyA-as
phyA-as

pPICZaA- phyA-as 3 pPICZaA
a AOX [
pBluescript [I SK + -phyA-as  Xho |/
Kpn [ phyA-as 1375bp
pPICZaA Xho 1 /Kpn 1
Xho 1 /Kpn 1 pPICZaA-
phyA-as 4
2.3
Sac 1
pPICZaA- phyA-as X-33
ml. Zeocin™ 100pg  500pg
1000pg  YPDS 28C 48h
DNA PCR
2.0kb  DNA
DNA
0.6kb
DNA pPICZaA-
phyA-as DNA 5
2.4 phyA-as X-33
250mL BMGY 29°C
250r/min 48h 4000r/min Smin
125ml. BUMY
72h 24h 0.5mL

EX phyA-as K

Pbluescript 11 SK(+)

PPICZaA
3.6kb

- phyA-as

4.3kb

pPICZ0A - phyA-as

5.0kb

3 pPICZaA- phyA-as
Fig.3  Construction of the recombinant
plasmid pPICZaA- phyA- as
E.EcoR1 X.Xho | K.Kpn1 N.Not I M.MCS a.q singal
sequence T4.T4 DNA ligase AOX [ AOX I promoter

1 2 3

kb

4 pPICZaA- phyA-as
Fig.4  Characterization of pPICZaA- phyA-as
by Xho I /Kpn 1 digestion
1.pPICZaA digested by Xho | /Kpn 1 2.pPICZaA-phyA-as
digested by Xho I /Kpn I 3.DNA marker

2.5 SDS-PAGE
SDS-PAGE
90kD Endoglycosi-
daseH 50kD
phyA-as > 6
2.6
37C 85
SPAN- I
72h 165000u/mL
Aspergillus . niger NRRL3135 ’
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2.7
pH
1.8 5.7 pH1.8~5.7 pH
Ta pH5.5
55C 7b
pH A . niger NRRL
3135 "
2.8
P pastoris SPAN- Il
12h  2mL
210h
160h

5 PCR
Fig.5 Dentification of X-33 transformed with
pPICZaA- phyA-as by PCR
1.DNA marker 2.X-33 transformed with pPICZaA- phyA-as
3.X-33 transformed with pPICZaA

1 2 3 4 5

kD

—974
—66.2

—43.0

—31.0

6 SDS-PAGE
Fig.6 SDS-PAGE of supertant after methanol inducing
1.X-33 transformed with pPICZaA-phyA-as 2.X-33 transformed with
pPICZaA-phyA-as deglycosylated by endoglycosidaseH 3. size maker
4.X-33 transformed with pPICZaA 5.X-33 transformed with
pPICZaA- phyA-as deglycosylated by endoH

200
160
120

Phytase activity/ku
@x
<

I
(=1

7a pH
pH-dependence of enzymatic activity

Fig.7a

W
o O
o O

200

—_
=3
<

0 25 30 37 40 45 50 55 60 6570 75 80
e

Phytase activity/ku

7b

Fig.7b  Temperature-dependence of enzymatic activity

Fig.8

90 120 150 180 210 240
Inducing time/h

0 30 60

8

Time course curve of phytase activity induced by methanol

EC3.1.3.8

NRRL3135

AOX T "
12g/L"

1L 10 0O0OL
3 4
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Aspergillus niger

15000u/mlL. 5
NRRI3135
X-33

phyA-as

165000u

SDS-PAGE
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Overexpression of Artificial Synthetic Gene of Aspergillus niger NRRL3135

Phytase in Pichia pastoris

BEI Jin-Long'*  CHEN Zhuang® YANG Lin'

1

LIAO Ling® WANG Xun-Zhang'
Biopharmaceutical Center Zhongshan University GuangZhou 510275 China

JIANG Zong-Yong*

% Guangdong Academy of Agricultural Sciences Institute of Animal Science Guangzhou 510650 China

Abstract The phytase gene of Aspergillus niger NRRL 3135 was modified with a deletion of intron and signal coding sequence.

Then according to the codon preference of Pichia pastoris modified phyA gene was artificially synthesized and cloned into ex-

pression vector of pPICZaA . The recombinant plasmid was transformed into chromosome of Pichia pastoris X-33 strain by electro-

poration. The results of SDS-PAGE and enzymatic kinetic analysis proved that the recombinant phytase was secreted into culture

medium with nearly same character of natural phytase. After screening for high level productive yeast strains a strain named
SPAN-IIT produced recombinant phytase with 165000u/mL under the condition of shake cultivation. It will satisfy the demand for
industrialized production in some degree.
Key words artificial synthesis of gene phytase gene of phyA-as gene cloning Pichia pastoris
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