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I4#tLB. SRR ESY FEmERbEFRT
GSI15, B & 5 L M A LmL % 69 1mol/L 1L AR,
3000r/min B> Smin, B & H & F 400pL F% 89 tmol/L 1L B A
1, B 200l WA F MD F 4R (1.34% YNB, (4 x 107°) % 4= 4
E20WHWM20HIEH) L 0CEFEEELE, B
B S B & AR E G418(0,0.25mg/mL, 0. 50mg/mL,
0.75mg/mL, 1.00mg/mL, 1.50mg/mL, 1.75mg/mL, 2.00mg/mL,
3.00mg/mL,4.00mg/mL) #) YPD ¥-4& | ,30C#E % 2~ 54, 8 K
BEEEEKKN. Mt KEEH 8 iEEma M
ik,
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G 2R pPICOK E RS WREFI R, L¥3I R
5' gaclggttccaatigacaage 3', T 3% 51 # 4 : 5’ ggeaaatggeaticigacatect
3, BEHENA DNA HRBR A& MWL B 7ul K
F1 3uL Iyticase(3mg/mL) , IN AGE BB IR S ,30C1h, .0 LB
LW WYE R DNA B . PCR R M # % (25pL) : Buffer 2.5pL,
MgCl, 1.5uL, dNTP 1L, DNA 2gL, Tagase 0.25uL, b F #3514
# 1uL, ddH, 0 15.75uL, K 2 8 K : 94°C Smin, (94C 45s,
55°C 455,72°C lmin) x 30, 72°C Ef 10min, 5K W K& W
PCR 7e41,
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FURBIEIZE ODgy = 10~ 20, B0 E B, DA 10 mL 5%
FIEFEH 1% P RAAYE BMGY P H M) . 30C FakLE
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168h, HBEBIRETE M EE SRR 12] 08 WA EB S
AT MERAN(WEX E— £G4 T. 828K E
Inmol/L THIBE T EA MR N 1,
1.3 MiAFWi SDS-PAGE A i RO MEHRTR

WESFREGHERRE.O, B W #1T SDS-PAGE
a¥r. MERRTRSEIM6)HT.
1.9 REABGHBREBEEFR

EHRARGLEK BRFELA—TAPE, B InL B
ATREK BIRENHMTHRESER. BRMEMHS
AT 108 ME 10 RMEEPRRERYS DNA #17
MMM EER PCREN.
1.0 NEANSHEREEIRSHESERTEANXE

EBEATERSRAG. SR 2 NERB M
BEEE SHERRMNMEEN RS,

2 EREHH

2.1 REBNJIERN A BRELABENEERBER
BIERHE N4 BN piyd ZBEEFERSH,E8BA

EFNESHREMIKEN 1347bp. BIFEE Pyrobest DNA

BAMUMANEYRY 1.4b(E 1), STWEHF, Bk

PCRY ™4, R B) pMDIS-TH/IK)5.2 EoR I # Nat I
VENEE(EDR PCREE . HEBTH 1.4b HERE
% THCHEIEHMB NI EBEERELRR,

M 1

B 1 HHEM phyd RER LN BE PCR I
Fig.1 PCR amplification of phyA gene
M:200bp DNA ladder marker; 1:PCR product

M 1

B2 HEHH pMDIB-T-phyd HIBFLTSS R
Fig.2 Restriction analysis of recombinant plasmid pMD18-T-phyA
M:200bp DNA ladder marker; 1:recombinant plasmid/ EcoR 1

2.2 BHENIHRE pivA BERAREKHHUREEE

HWRERSHEKEM phA BERR BN EARLEH
pPICIK-phyAd (B 3). AN L EcoR I 1 Nt 1 UM %
%E (B 4)H PCR M, B8 B4y 1.4kb #9787, T8 9 pPICOK-
phyA MR Zh

B3 EAEEBK pPICIK-phyd 1% 1 Bt
Fig.3 Physical map of recombinant plasmid pPICIK- phyA
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 MFZERS5BHE N4 M phyd BRSFI RS
WRY L EARBRE, 2K 13470, B T RHS N4 H8
8 phyA BEIESHENE 20 S ELMROWE, K1k F&IL
FEABBRTASHESHKAAZ FHALA HERL
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SR NS phyd RERFF—8, REABUER
RIFEEREAT pPICOK B REN S EoRL 1 Not I 22
H,

4 BHRARE pPICIK-pyd MIBGIE R
Fig.4 Restriclion analysis of recombinant plasmid pPIC9K- phyA
M:200bp DNA ladder marker; 1:ecombinant plasmid/ EcoR I + Mot 1

24 BAMEGEHIESHER

# Xbo [ ML AL pPICIK- phyd T4 Bk £5 T vk
BAEHREES GSIIS Btk B3 MD EH A GH8 TR
EMAEASELET B, # S B FEFIEFNAETLHE
WEIC.pHS.5 R TFRE Lh), AR HEHEEEEES
$% 143958 3u/ml. % B ( PP-N14-22) Fl 148908 3w/mL % B¢
BPPNMAN - THRER LBEHELSFIRN EES
W% (4220/mL ) I 341.13 151 352,86 1%,
15 RASHMN PCRER

FAHENBE LA L EY DNA, F pPICOK E H
SPEITPCRY I, B P — &4 1.3kb( X HIMEFE 1347bp
RBEFER 492bp) I —F 2 2 2kb( A AR BB WL T N
WA R, 2.2kb 0 AOXI- S LK 1 EE ML kW
(B5) EHNBEAEFBEUCEIE S ARIREASA DNA
t,

BH5 HE4FHPCRETF
Fig.5 Identification of GS115 transformed with pPIC9K-phyA by PCR
M: DNA marker DL2000; 1:GS115 transformed with pPIC9K-phyd ; 2:
GS115

2.6 X% SDS-PAGE 5 if

SDS-PAGEZRB7 (H6) EHMEEANTRELHE
RE.ZE90FREN T 70kD~ 97kD Z [, BB HE,
BUESHESFYRELBRENRY —HEX, B, &

MHCFREMMEAN,  EREKEPILFERRISAES. &
&AM ERERLBET —EEW(2.3 % Neo | &
tEfbEF Ik, 4.5.6 7 Xbo ] R¥ERIS L. EX B

M 12 3 4 5 6
kD Mal &
574— .

662— e
432 — uw
30— w

B 6 k¥ SDS-PAGE 447
Fig.6 SDS5-PAGE of supernatant after methanol induction
M: size marker; 1: GS115; 2,3: GS11S ransformed with pPICOK- phyA
{after digestion with Neo 1 }; 4 ~ 6; GS115 transformed with pPIC9K-
phy A{after digestion with Xba [ }

2.7 REFODEMNPIEEER

TRASREN HHAMSEANMMBEEMRH pH &
HEAGICEMETREM b, 48 H25~3.0/M50-~5.5,
pHS.5 K M 5 (2494 pH2.5 (0 172% ) .pH2.5 & pH3.0 ¥
(EAH X, pH5.0 5 pHS.5 #E{EH 4, #F pH4.5 ~ 6.5 Z [ H
L @A RE IR #E, pHe.0 B 4Y 4 pHS.5 1 41% , pH7 .0 BT KG
BRI TR RERBEER pHEM N 1.5 /2.5
(H7) RN EARNEREANEREENEESIEER
W EpHS S . FAMBEAF THMEEMEEREN. E
AMEREMNEMBEESEHBE S SST HEHKY
50C, _HEESOC-S5CTZAHEERHBIEH, S48
FEOCE A RIFE A MRS 5 (A X B 5 4 78.229% ), i
R EHTE COCH B R B TR (X MR IE 1 24.47%),
HATHENHEERTENSEERERS(E 8.
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Fig.7 pH dependence of phytase activity

2.8 HAMOBMNEEREN
HHMEEFE IORERNASEER EERKERER
HEEAEN AR RRE. PCRENEREIENH. 2
dI0RMEEER NEZANAREGESS NN D T
HELTFRARTMBEBER.
29 EEMGAERRELIRSESERANANXER
FEHREG PPN B EEHEASHEERAR
MEXFHREN(E Y . EETEH 80 ZH . HEBHE
kBRI A K T, B 1M B R, 2 FEAEFR
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Fig.8 Temperature dependence of phytase activity
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Fig.9 Time course curve of phylase activity induced by methanol

Phytase activity(ku/mL)

3 it #

BRI THRBANE DNA B EEH CTAB & f ¥
L™, P FHE AR A ELIERER DNA
B, A UEREARBREIR BRITETRTEH, HEFE
AEREmE. A S, s BN T B &SR
B AR S 2 1T RNase L, I ER A B & fi bR
3% RNase — B2, LY H i,

BABRSGRIEAAARSARE B TEARBERE
B FEAHEBE £rREAR SAEEAORFEREBRE
#HEFESES BNEANCARAR M EEREREE R
A S 5 s, F) D B A IR o ik TR U I e
FRAAMMEM, Yanming 25 4 48 56 8§ 2L B 3% £ 9 pPIC-
ZaA B HAEAMBERBTHRRL. IHES" #
AT &R MBME NRRL3135S BB R H S pPICZaA B k&
BAERRE X33 Hah KA SRR BREYEX
BENERTRMNE %63 MHERBERES pPicy HikFR,
HALEFRBES IS EREG TR RE. R2EHN N
15000w/mL Z R . HU FXBTRANEEEURESTE
NEHBEAFE, TATEHEME S HEMERS
pPICOK S B A IS RRBTESRENE
NBEEMNEHREE BB RERE AT 3564670/
ml BEH. B REBRENRELT XSRS REH
Bl SRR Bl 1 RUEH LR, RERUBAEROKY
AOXL BEfr, IR = M B b FR B B His® Mu™ (R A &
M), HARER, RERTH ARS8 0 BF K

BREFEBAFEEE L™, A XREEHE N4 HR
BEEREFESEE N RIERE pPICOK HH, R Xbe
T4 L4 FAY pPICYK-phyd EHBRERSHEEFES
GS115 ARkl kP Hisd LB TR E M His*
M’ (BERAIR®)  EFBTALKREAEXGT ARBE
HEXZAFSABES " RELEHY, BEH T Yanming
%0 gREYNFaATEY HHE, EA KA THhES
MER BAMAHESAMNELTIISEAEE AR TR
MIZMEk. RA Xba [ 4L I pPICIK- phyd T F
KA EAS R RGE, AR RAREN R R
1. AR R LB EHAZLT.

BESHBEP pHEAN1.5~3.5, B pHE N 5.0~
7.0, BB H T B R Rl aT , BEoR MM MR R
TUHMAERAOGELE. EARSRANMREE¥HER
MEMFERY FLAMMBREEN pHEASH I 2.5-3.0
H5.0-553HTE pHd.5~6.5 Z [ & H YR EEHE,
ShkmokMmeE H SN EESIISEFRE . BRER
FRREGAPRE, U EMEERARETEREE SRS
MAREAKSEMLHARESBMBREE—ENERK
O REG AR REENEE S REENER
% ARG RER BLUARSHBREEEFIEHLE Y
BE,
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Over-expression of Aspergillus niger N14 Phytase Gene in Pichia pastoris

PENG Yuan-Yi'>"  LIU Sheng-Feng® LI Chun-Ming® ZHOU Ze-Yang'"
' Microbiology Center . Chongging key laboratory of Sericulture . Southwest Agricultwal University . Chongging 400716, China)
*( Chongging kev laboratory of Forage & Herbivare . College of Animal Science & Technology . Southwest Agricudtural University , Chongging 400716, China }

Abstract The chromosomal DNA was extracted from Aspergillus nigerN14 strain by benzyl chloride. A pair of primers were de-
signed and synthesized according to the full sequence of the phyA gene { GenBank Accession No. AY426977} and used to ampli-
fy the 1.4kb gene using the high-fidelity DNA polymerase Pyrobest. The amplified fragment was cloned into pMDI&-T 10 generate
the recombinant expression vector pPIC9K-phy4 containing the phytase encoding gene free of the signal peptide and inlron se-
quence. Linearized by Xba 1 restriction enzyme, the recombinant plasmid pPICIK-phyA was transformed into Pichia pastoris
GS113 by electroporation. Two recombinant strains, named PP-N14-22 and FP-N14-44, of high level of expression producing
phytase of 143 958.3u/ml. and 148 908.3u/mL respectively under shake cultivation, were identifed by G418 resistance, enzyme
getivity test, PCR verification and SD)S-PAGE analysis. The enzyme activity was 34113 times and 352.86 times higher than that
of the original strain (422u/ml.) . The recombinant veast strains were genetically stable. The expressed phytases had two pH op-

tima (2.5 ~3.0 and 5.0~5.5) and a lemperature optimum of 55°C, and were active at pH ranged from 4.5 10 6.0.

Key words  Aspergillus niger N14, phytase, phyA gene, Pichia pastoris
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