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hx', Hwm’ £-T' DaF’

1 DU R 2 A ar Bl 2z 2B, AT 610101
2 BIdb KA Rl eE B, I 430062

1 E: ASBi@id PCR FaMERER GS115-phyd P 3 RA4H 125 KA N AT 69 2 E NRRL3135 M5
phyd B, AR E A EAAR pINAL297 F, 3] KA HAR pINAI1297-phyd, F)F BE BRAR 4510 ik 45 & ML SRAK 2
1L 5 f# g BF KB & polh F, @it YNBcasa #= PPB -FAR ik th A b R A H Ak, MMEE/KE YMERE T 28CHEAK6 d
%R R R KA 636.23 U/mL. k& L% SDS-PAGE 44713 3| £ A M BG4 T 2 494 130 kDa, {2 i$ 48 K04k
BELSTEEH S1kDa, 5N/, BidBEFHF oM AN EAMBRBRE pH # 5.5, REBEH 55C, %8
FEpH 2.0~8.0 &3 1 h BEMA K ZHBE, HE 90°CA 32 10 min BE&H 86.08% K GEEE, AWML F HFOBFMED
B 8 7 A% .

Expression of phytase gene phyA in Yarrowia lipolytica polh
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Abstract: Using the polymmerse chain reaction (PCR), we amplified the phytase gene phyA from Pichia pastoris GS115-phyA in
Aspergillus niger NRRL3135 without the signal peptide sequence and intron sequence,. Then, it was cloned into pINA1297 vector to
generate a recombinant vector of pINA1297-phyA. pINA1297-phyA was linearized and transformed into Yarrowia lipolytica polh by
the lithium acetate method. The positive transformants were obtained by YNB,,,, and PPB plates, after induced in YM medium at
28°C for 6 day. The activity of the expressed phytase phyA reached 636.23 U/mL. The molecular weight of the enzyme was 130 kDa
measured with SDS-PAGE analysis, whereas its molecular size reduced to 51 kDa after deglycosylation which is correspond with
theoretical value. The enzymatic analysis of the recombinant phytase phyA4 revealed its optimal pH and temperature was 5.5 and
55°C, which had high activity after incubated in pH ranged from 2.0 to 8.0 for 1 h. Moreover, its activity remained 86.08% after

exposure to 90°C for 10 min. It also was resistant to pepsin or trypsin treatment.
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T i RR R, Hh i B EE Aspergillus niger
NRRL3135 BERE phyA FE DN i it () 48 2 il 107 FH i - i
A

Hui 2% Aspergillus nigerNRRL3135 P Ak
phyA FEN O AR RERE | BEaREERE GS115, KMT1
il X-33 GBI FRIK , (HIE AR WHAE AR P B NG
I Qe B vh R A7 AT, 10 e i IS R B BN
U4 (Generally regarded as safe), [Hit, fE
TGP A 1o 76 B2 90 A1 fi g I [
BRI K — Mo i R R R IR R SE, B
RE & 700 Z2 R A ™ 1, BB TIAR 2233 19 ik 7K
B G R RRWAE R IR , XS B S A T A
1 Tl i P

1 SR

1.1 B0 RAL

HHY R GS115-phyd . KipiTFE DHI0B
FAR IR FARLT o pINAT297 ZRAAFN it g HIS X 1% £
polh (CLIB882: Ura”, AAEP, AAXP, Suc’) Hiik
ESN P R G SN 06 B 7R o1 3 e i (- o3 MU
A% Catherine Madzak Z{#Z 3% ,
1.2 WA 5ERE

Ji b JL AL i (Endoglycosidase H), DNA PRl
WY F Promega /3 7l . T4 DNA R . LATaq
A A s AEY TR CRiE) ARATH . PEG4000.
BEPRERIA H Sigma 23 H], FHEREG ALHE HE, BT
K DNA fh#EiKH & . DNA B R & A
TaKaRa 22 ] o FoAH R 2R B 101 4320 5 [ 7 43
Brafi, 5194 O F i b g Ak W) TR IR
A58 o

YEPD H557 5 : 1.0% BEREEIY , 2.0% & 1k,
2.0% AW e B IR R ICIERE polh Fefb1
f) YNBewso 59535 : 0.17%YNB, 2% %k, 02%
R K Y PPBUIS JR 5L 0.132% BERHEHY)
2.0% 7 F B, 0.132% NH,CI, 0.032%KH,PO,,
0.024% MgSO47H,0, 0.033% Vitamin By; T &
A1 fi A HR G 2R polh Fikig YMUIF 33 0.5%15
BRI, 294208, 1%E AR, 1.5% 8%,

2 Fi
2.1 HEEEES phya EE R BRI E

W B L S AR EELE B Bl GS115-phyd B:FhF YEPD
WARKE IR, 28 CHiFE 48 h JE Pk oA B T4 5 12 5
YEPD WRIEFREE S, IR 2 R Wk 4
WAE IR, FIAH CTAB BHERUHLIL N 4] DNA, Jf
R AR . ARYEHI AR phyA £ P8R
S

1297phyAF:5'-TACGGCCGTTCTGGCCATGCT
GGCAGTCCCCGCCTC-3" (FRIZ A Sfil BV

A5 1297phyAR:5'-CGGGGTACCCTAAGCAAAAC
ACTCCGCCCAATCA-3" (FXRIZkN Kpn 1 E VI AL
F); PR HIER EE phyA FERBIAMCR GS115-phyA
i REfY 5 DNA, PCR 73 251 : 94°C 5 min; 94°C
30s,47°C 355,72°C 1.5min, 30 MEFR;72°C 10 min,
P74 DNA [ ) & [ml i
2.2 ELEFRIEH K pINA1297-phyd BIHE

i3 PCR L 3RAF A Sfi 1 F1 Kpn T BV 54,
P PRI phyA FED R B, XT#04K pINA1297 Fily 44
BAE R phyA HEDH 5 Be#EAT Sfi 1R Kpn 1 XU
VI, BER PS4, SR EH S A AR
FET DHIOB Sz 40, WA 8 -RIRE Rtk
LB &M b, WA 37°CHEIREEFR4E 3% 14,
I3 R H Y BB P e A B A KRB R 1Y LB
WK SRR T 220 r/min fEEREKS 37°CHIR
20 h, JHESAMERER SR ILTURL, SRS R4 T VKA
K PCR %5&, Frl5¥h: F:5-GCTACCGCCTTT
ACTATTCTCACGGC-3', R:5-CAACGTGAGGGGA
CGCCATGG-3', feJa ¥ iR ik i i) #4024 T g
VIG5 UE BT 43 A7, o 2 44 380 BH M o g B Ay il 2 4
A 1 i B HES [ B 2 TR 1A pINA1297-phyA
2.3 fRAREBIREZ &G L

A-80°C UKFHHUH  50% H- I A8 A7 ) i B HIS £ 1
£): polh, 7F YEPD VAR _LRIZ, 30CHiFZ 18 h,
AR B ARR IR 1 mL 1 mol/L TE (pH 7.0)
) EP 41, 10 000 r/min &5.0> 1 min 7% 13, A5
BT 600 uL 0.1 mol/L EERREE (pH 6.0) T,
28 C/KIEMAAL 1 h AR - 3 000 r/min 5.0 2 min J&
Fik BT, BEHIKR 80~120 uL 0.1 mol/L iR #H
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(pH 6.0) hEEH THALIESZ S HML . B 40 uL
() g B B IR EEBE po Lh JBAZ AN IMA 2 pL ssDNA
Ml 3 pL Not I &M b E AL kL, 28 CK AL
15 min J5HIA 350 uL 1 mol/L PEG4000 (75 %[
BIA 16 uL 1 mol/L DTT a] 2= 5 L30 %), 28°CK
WAL 1 h AR, 39°C#ls 10 min, A 600 pL
0.1 mol/L HYRSFRHE (pH 6.0) H, iU I 3] i & 1 Hix
YNBewsa I, 28°CHiFE 7~14 d¥,

TN ER FCEELE polh 2 JR W6 e 37 Bl 210 1Y)
AR, TR A IR IE T SR iC 1Y pINA1297-phyA
R IR PR i R HS Sl BE b f5 B2 AR
P B0 Fi A 7 PR 5 IE 5 TR 1 YNB cas AR I
PRI s, SR ERE S DNAL R PCR
e R w R T, FrH5I¥ A F:5-GCTACC
GCCTTTACTATTCTCACGGC-3',R:5'-CAACGTGG
GGACAGGCCATGG-3'c R FJF: 94°C 10 min;
94°C 30's, 57°C 45 s, 72°C 1.5 min, 30 ME# ., PCR
FEEE 0.7 % BB IS FL UK 3 A
24 SiEMHEAEEREKRTFIE

W 450 ) A T R TR PR 42 81 YEPD [T
Br b 28°CHiF% 2d, RIEHHARIEA 0.5% IR
) PPB A I 28 C 153 4~7 d, BkBE /K i Bl KA
PR R RT 38 A A 18 T A 2 s A R
25 EHEEBSEKHIRIE

M\ PPB V-l Fk B fifk el 5 R 1) o 2H 1 B T A
HRE] YM A b 28°CHE 5% 3~4 d, SRIEHHEL R
FPEA 100 mL 9 YM (pH 5.5) WiikIEFR3Ed, T
28°C. 220 r/min FEIRPEEFR, SO FRI EIEHD
Shy EE 20 P B TR BR 20 WD R IR W ML S ME TR W phyA KL
W, FH12% SDS-PAGE Hi ik W EL4E 3
2.6 ELHEREGEEHRNE

T A A R Tl R P AE AN ] pHL L B 25 T
N 5 AP T T T O P AT IR T 0 3 PR o Ty k2 IR
GB/T18634-2009 #EA7, MG HERAIE Lol 7
37°C. pH 5.5 551 F & 4 oK i AE FR B 1 pmoL
(R JCHLE B B A B 1 ANEES B, DA U %
R,

2.7 B RS X EE 420

A3 500 uL ¥R R 0.5 mg/mL 1 5 2 il

(1 pH 2.5 W22 s Be i) AR A B pH 7.0 19
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SRR BC D) B RRIFY 500 pL MIERA W R, ARG
T 37°CARE R A BIAL B 30, 60 AT 120 min, £
FEH A T E /G, AR B A EFE A 100%,
A AT WA A it 0 o e e S 1) A R Sy
TR L AR PR A AR X Al U

3 BRI

3.1 1EESES phyAd EE B BB HE

TEM PCR BT, /15 T —4K 25 1.4 kb
MRS PCR 454 (B 1), fF6 phyd L 2
Bl SN A T 5 BRI K 1347 bp, Al )25
Wi PCR ¥4 phyd FH L),
32 FHFIEHEMEE

¥ S A AR phyd SRR BER A %

SRR pINA1297-phyd (18l 2), T4 TR 4R L Sfi |
il Kpn 1 SUHVI S E G153 —552) 1.4 kb 9779
(A 3), SHMBHIREE phyd 37350 K/h—3
A R BRI Y I 2% B AL R Y 3k R B
RIS MG phyd HEH . HILERY] pINA1297-phyA
P ]
33 EEELSHIE

P F IR pINA1297-phyd 25 Not 1 £i4k
Kb PR 5 5 A SR B HE ICEERE polh, Z83d YNBeas V-
M i 15 45 30 7 201 ik B B Qe RE R Ak o BRHUE B
FE 45 DNA FRAE AR, H B Y R BB 4 32 1438
SYERSE R P AIE N S M HEAT PCR §73, 15512
1.4 kb BUHLIKH (8 4), WFAEHFRIXREIRC 2
UG ATERERL R 41 DNA H

bp 1 2 3 4 5 6 7
19 329 —

7742 —
4254 —

3472 —
2690 —

1882 —
1489 —

925 —

1 PCR i iE{EEEEE phyd EE =)

Fig. 1 PCR products of the phytase phy4 gene. 1: A-EcoT14
marker; 2-5: PCR products; 6: control; 7: DNA of the
GS115-phyA.
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hp4d

ura3d4

phyA

PINA1297-phyA

Zeta'
¢ 6 636 bp

Not 1
Kpn1

XPR2t

Kan

2 FHRFRIEHIK pINA1297-phyA BYH IR [E %
Fig. 2 Physical map of recombinant plasmid pINA1297-phyA.

bp I 2 3 4 5 6 71 8
19 329 —

7742 —
6223 —

4254 —
3472 —
2690 —

1882 —
1489 —

3 EYHFRN pINAL297-phyd HIEETI S E

Fig. 3 Identification of recombinant plasmid pINA1297-phyA
by enzyme digestion. 1: A-EcoT14 marker; 2: pINA1297; 3:
pINA1297 digested with Sfi [ ; 4: pINA1297 digested with
Sfil and Kpnl; 5: pINA1297-phyA; 6: pINA1297-phyA
digested with Sfi I ; 7: pINA 1297-phyA digested with Sfi | and
Kpn 1 ; 8: PCR product of pINA1297-phyA.

bp 1 2 3 4 5
19329 —|

7742 —
4254 —

3472 —
2 690 —|

1 882 —|
1489 —

925 —|

4 EHMBEEFKEEE polh HEEES phyd EE KR
PCR 1%
Fig. 4 PCR amplification of phy4 gene in recombinant
Yarrowia lipolytica polh. 1: A-EcoT14 marker; 2—5: PCR
products.

34 SEMEHEBERRGIE

B BEEEAL TSRS 0.5% A RES ) PPB -
M b, F T 2 i B IS G % 3 6 1 A R G e 0
55 25 5 v A R R A 1 T K it P, Uk B rok fig

P e R A e B T s, BV T 8 A A TR TG T 1 6 v 1Y) R
(A 5).
3.5 1EERES phyd BEERIRIE
IR R SR AW RER YM BRI, B
I T, O B e S M A Y
BRESICEERE, HAEREFRE 6 KAy I 23K (14 fE 2 il
G 5 B KM 636.23 U/mL, 45 12% SDS-PAGE
X R IEA TR RE G R 2 W I 4 A A 0 LG R
polh 43A T %4 130 kDa A [, & LU IR O AE R B 53
TR, FTRESE Hh THEMRNE phyd P TERHEEL
P G, T DA SO BB S L endoglycosidase H
Aib PSR 2 figk IR S R BE (9 RAK 72, BT — R4
51 kDa YE 14T, SHHIR G phyd FEH =) B9 B
HFE (K 6).

5 EAMEIKEGEKE PPB TRLE

Fig. 5 Recombinant Yarrowia lipolytica grows on PPB plate.

kDa

L i
116.0 — = = “

66.2 — 1 -

45.0 — ‘*‘
35.0 ——
25.0 — ﬂ

18.4 — “
14.4 — .

6 SDS-PAGE H i EHMAEEKELE} polh HIEEREE
RIRIE

Fig. 6 SDS-PAGE analysis of the recombinant protein
expressed in the recombinant Yarrowia lipolytica polh. 1:
protein marker; 2: the phyd phytse expressed by the
recombinant Yarrowia lipolytica polh; 3: the recombinant

phytase protein was treated with Endo H.
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3.6 FRIEFYBIEEFE MR

Fi HESCHR [12] 1% Ty 325 T 5 0 Jz o7 4% 2R 149 2% i
(0.2 mol/L HEMZE M (pH 1.0, 1.5, 2.0, 2.5,
3.0); 0.2 mol/L ZFR-ZTRENZZE Ml (pH 3.5. 4.0,
4.5.5.0, 5.5, 6.0); 0.2mol/L Tris ZZ M (pH 6.5.
7.0, 7.5, 8.0)), WF5% pH XF Kk LR phyA BTG
PERE M, DU S RGN 100% , HAb &4 T 1)
315 o5 e v BTG O B SR RO X BRI pH A5 EY
FH O Tl G o SC I 45 S 2k B E AR R HR IC R B
polh-phyd ik FA7E pH 2.0~2.5 BG4I E , SRIG T
B, 1 pH 2 5.5 BFWA —Am A, 5B
NRRL3135 = Az i pl 2 B AR BL, - Ol 1) fe ik
K pH {E R 5.5 (K 7)

JHATE pH B 28 vl AE 37°C T Ab BIURL il
60 min, ARJ5VEEIEGE pH 5.5, 16H A FIE
fitg G, HEIAMAE 37°C R pH e tE. DIBIA
BTG 1009% , HAB ST RBETG o B Y
Y BRI N Z e pH AAVFRO A XS BTG . B 8
ATUL, pH 2.0~8.0 B, il Al R4e ML 80 % Y I
71, AT RLULESTE MR L b RS B A R D A 3
SR P A2 1

100
80
60 |
40 t

20

Relative activity (%)

0

1 2 3 4 5 6 7 8
7 EAEKRERRIE pH

Fig. 7 Optimal pH of the recombinant phytase activity.
100
80
60 [
4
40 b

20

Relative activity (%)

0

1 2 3 4 5 6 7 8

8 EHIERLES pH M1

Fig. 8 pH tolerance of the recombinant phytase activity.
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TEARF R N IRE R (20°C,25°C . 37°C . 45C
50°C., 55°C., 60°C. 70°C) M HLEFAYEETG F1. I 9
AL, R R A R R RS, e — R
FHiaH, 295 55°C ol B 5 2 5w , Yl T 55°C
J Bl E R R R R, AT DL I I A I RN I B R
55°C.

AR B4 WIAE 70°C L 80°CHI 90°C TR
10 min J5 F7E 37°C . fif pH FIEREG M, DR
HEAT A0 3 Y 2 AR R B R BB TS M 1009% , LA
ST WS o SR TR Y E o0 R0 R i A UL
pH Z/F FHAEXS BTG . MIEL 10 FTLUIE ), HEAAE
% P AT 47 T B L 78 90°C AL B 10 min 5 i 15 B4
1E 86.08% .

37 EpSEAMMREQBYE

B 7 A BN R) Y S, A R I 0 8 T B
HHEE A B FE 2 h J55% B EEE A 97.08% , HK
RGP 2 b J5 R A WG 88.85% . XKL H
AR I il R JB B 1) R D5

100
80
60
40

4
201

Relative activity (%)

0 1 1 1 1 ]
20 30 40 50 60 70

Temperature (°C)
9 EHEREREERE
Fig. 9
activity.

Optimal temperature of the recombinant phytase

100
90 | "’\‘
80 |
70+

60

Relative activity (%)

50 1 1 1 1
60 70 80 90 100

Temperature (°C)

10 EHERERAREN
Fig. 10 The thermo stabilities of the recombinant phytase
activity.
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4 it

2 H A A 138 A WLE L) BS BE [CRERE polh fE
Sy B NRRL3135 MR I phyA 3R HERIRE
ALK T NRRL3135 B bR R il 3k R 4% 45 5]
fi NE B [ B polh Yk T35k, JEXT =1y it
TR, RIFRIR M AE 2 il 1 ot 5 PR (B AR — 2L,
{RICT HEAT Prt  , ZAZE 90°C AL 10 min, 4%
BB N 37CHIAY 86.08% o HLEF AR A A M iy B
NRRL 3135 iR phyd M AEEE R BEFE X33, KM71
1 GS115 hiA Y d 20 8 i & NRRL3135 (1% 4F iR ity
iR %, WA AR R ih 2 NRRL3135 MR phyA

1E 68°CHN#A 10 min J5 P4 40%m005 1, EeREz
X33 . KM71 F1 GS115 w3 ik & 20 2 i 45

NRRL3135 MR EEAE 85 CHNA 10 min (54T,
A 509% A A7 TS PR R U1 O R
PR, A AR AP R s Tk ik R g | A T 0 %
A FEAHETE AR T . IR, AR, E
SEAN 23 PR Ay ROAN TR e R ) b A R A e e )
ST H

AN T E IR R 2 R, AN
PR, ARG O AE R I AE PR M B AR OR R TR
PR RGO , HLA 8 HE R R AR R RO
ST LA it 2 AT A 1 Ry il ik G
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