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AL B IR 5 S MR s e K4 R Y BUTh N AL niger h408 i ug [ 19 B B BE R IR B A B9 cDNA AL
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1.1 ##

1.1.1 HEHFIEREK A niger h408 Fl E. coli DH5«
WAL ARAT, R BERE GS115 Al gk 4K pPICOK
% B Invitrogen A & o JiikL pUCm-T 4 Bioteke 2 ]
FR) 7 i o

L1.2 FZRAFEEFE WG N YNGR T4
DNA %% i ) [ TaKaRa 2% #], Tag DNA 3 45 filf .
pfu DNA 45l A Bioteke 23w (1777 5 » DNA B fie [7]
WO ) & K2 1 & B2 3 Marker ) [ Sangon A W] ;

i 25 2R Ty < B B 1% £ W6 8 B Sigma 23 ] 5 Bl &R I X
Y S T AR 0 Sk — 2 v ™ e A
Jy [ R4y B gl MD B35 55 YEPD.BMGY Fi 1 1%
FHBMMY i T 8 9% L R BSM K B B 9% S %
Invitrogen 23 W] 5 75 P B 45 4 22 38 T UG 1 -
1.2 EMEEEE DNA B

H5 PDA R LR A. niger h408 B AKIG AL )5
R F 100mL PDA 3 44 £5 77 3L 1, 30°C , 180 r/min
PERH SR 1 -2 do SRR B BE v SR 4 15
NN
1.3 E=EEMH PCR Tz E i SMERELEEES cDNA
751

R GenBank H A & 2 1) ] 20 IR g g A 19 3
K 21 R 519 6 b 3PE PrimerS. 0 & iF 481 1
AN G T2 W 34519, 51951 R 1 iR .

F1. BB RFT

Table 1. Primers used in this study
primer sequence (5°—37) size /bp underline employment
P1 gcGAATTCGCCTCTACACAGGGCATCTCCG 30 EcoRI to amplify the exonl
P2 CTGTGGCCCGTCACAGTCAGC 21 none
P3 CGCTGACTGTGACGGGCCACAGTCTCGGAGCGTCCCTGGC 40 overlap region to amplify the exon2
P4 cgCCTAGGTTACCAAGTACAAGCTCCGCTCGT 32 Avrll
factor¥ GCTGCTCCAGTCAACACTACAACA 24 none to identify transformants
AOX3R ATGGCATTCTGACATCCTCTTGA 23 none to identify transformants

L LA I A, niger h408 %t {4 & DNA Jy 8
B K W6 A5 it 5 | 0 414 (PL + P2, P3 + P4) 43 5l
PGS 71 M2, PCR N EAEUR :94°C 5 min;
94°C 30 s, 62°C 30 s, 72°C 30 s, 30 41 ¥F; 72C
10 min. PCR =428 0. 8% Tt 5 B e Ji2 FEL ¥k » 4R I 4>
S RICA B 1 RS B 2. BUAR - 1 A2 [alig
FERIIIR A (12 1) B, LA PL AL P4 bR 5]
Yy, W4T S P PCR. PCR N 4 45 T 4 i 1 [i)
UK 60 s Ab, LR SAF RSN B 1 538 1 4 1A
Ao JBelnl i o &8 4 fft PCR 7™ 4, If 3% 42 pUCm-T %
14, CaCl, ¥E#:4Y, E. coli DH5 o, 3545 8 41 JfoRi pUCm—
Anfae, 88 J5 A8t 57 B 7 S AE D BOAR 28 w100 E 1741
1.4 EFRBEEHERERNOWERFKIL

F i PCR [FI 9 EcoRT Fl Avrll i3t 4T XL
g1, U1 e Inl de B SR R 52 R RE XU D) i
pPICOK JJURi 3% 4% » ¥ 4 K o #F T DHS s $ 3% B 1
e F, 2 PCR I IF i & 3k 15 | 41 % & 4 &
pPICOKAnfae, 3+ I 7 46 1F o 5 241 % 3 itk pPICOK-

Anfae 2 Sacl LR PEAL 5, R HUEE AL VE Y BN B o
[ Bl GSI15. 44 % A v Aii T- MD P45, 30°C 15 7%
2 do BEHLBRHCEA 7 pwvs Tl b i 5 R
S LIS NAE TP ELR L BE 1A B 30CHFAE 1 h,
W55 VR Ve ) B A5 A 32 P S A5 B L1 A B P 6 1
F o $% Invitrogen 23 F) HE IR I BER A 208 T T 4 HL R
REBA P 4k 7 16 G €8 4 R 28044 51 4) (Factor ¥ +
AOX3R, [ W ¥ 2 W, Invitrogen 2y ) B8 5 i BF #
FiE T M) FactorF + P4.P1 + AOX3R Fl AnfaeA
H & 519 Pl + P4 404 4 5l 24T PCR 738, [A] i LA
pPICOK HA4L B IF 44 (5 /& DNA 75 2 I 7E XS .
1.5 HHMMERAE TR E AZEKA SDSPAGE
DT RGE N E

1 mL 346 7R & OB BV R
FIE N EARR 15% — & LR DUVE > N U835 T
H 05 R H SDS-PAGE (3 1A I Ik fide 4% i v vk ) % 3%
BT M. R UV SR 3 R W L
TEAT B0 W 58 - 45 B N 4 AT 5 Ak 4 ol 5 i o 8 2 o)
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il 2R Wy iR A2 A 1 ool SR 2 2R 13 BT 75 (1 I 5
Xk — AW S AL Ue LA I B bR e
2, %M Bradford " HEAT KBV 2R EUR S (X0
€ o Fl BandScan5. 0 #K {14 i &5 A v UK ¥ >k % H (1)
AT E R

1.6 HHMIREEAEEEFF R

1.6.1 iE pH: 5 i& pH {525 : 5% H HPLC "7,
S BIAEATR pH (pH 3.0 = 8.0) £ 4~ Il 5z 5 41 Fif
BRIRBE WG (M 05 E o LSS pH N (¥ d% =y B0 4 100%
THE I pH T (A G B IS o 223 1) AH 6 g S B pH
AR A T T 2%

1.6.2 pH %3 7E 1% ¥ A By v FH A 7] pH i 22 o i
(pH =3.0-8.0 1 0. 1 mol/L M4k 2% v i) 5 B,
T 35C T ARG 1 b W5 Bk Ak W S . DAL il R
B # N 100% , 3oe pH AH T 5 1% 8 05 (1) EE A b %
pH {E ™ (A G Bl 3% o 2 A 6 i 5 pH ith £k .
1.6.3 HEMRKERERBEREM: 7057
R (30 - 80°C) i s By 0 19 Wi i 1) iy i o [ B
o R RS X W R M 2o R ORL R VR > N BT
40°C \50°C 60°C {435 10 — 60 min, I 5 4% 4% g & 1
20 ) AS [ 35 B T AH T g 5 L & I 1) i 2

2 HURAI

2.1 ZEihEMIREIESEE A cDNA W ERFFIS

DABRELI) A, niger G (o4& g BEMR, 4% 77 7% 1.3
T ik SR H] B B T A PCR % 3 5 e 35 15 B2 ify 75 ol 3
PRIENG A /) cDNA J3 41, Wk 45 R (4 0%) BoR1E
400 bp A4k AFAN G 1 RIS BT 2 1 4k, Ak
KSR K s (bR 71 L5 5kE
398 bp; #F BT 2 4 385 bp) » LS LA PCR 4714
JGAE 750 bp 74743 3] — 4 Wl Se 4, K/ 5 T
BRI 8L RSN E T 1 2 B&E
o WP (g5 KA B PCR =YK E N 783 bp,
A LA TE I S AE 4, g i 260 A LR . BH I
Jei (28 1Ry 4 rh S A L R T D R 1 55 R A 4L
SRR

ZFE B 7 41 2 4 $2 28 NCBI GenBank, %i 5 24
KF911349. Blast 4} #7 7% % /7 41 5 © K A1 1) Bl B
G A J3 4] (HM123720. 1) [ [REE R 99% « %
HI DNAMAN 524 %) 8 5 (11 85 (177 50 34T 20 07 » 228
B A5 15k 28233, 8Da, i f HL I & JE R (Asp +

Glu) 28 A, 77 1IE HL I 2 KL % (Lys + Arg) 11 A~ 3
WAL A pl by 4. 12,
2.2 EHMESMIRERAEER A EEEERES GS115
H Y R IK

F 1. 4 R TR U7 AT BT B IR TR A Rk
BRI A S e Ao W IR W 3 G4 B AR pPICIK -
Anfae ¥ @ G ¢, 77 4 4 N 1A AL IE B, JC S 5
Ao RIBBARLNEA)S B 6 GS115 Tk JL 3k 743
331 BRI T o X EAG T T 1G9 5 IR I L
AT VPRGE PR I, 25 T A3 5 5 Bk s M B im0 B 46
WET FroR. IWEHR A BUE S 55 40705 B
1R K ¥ Hodw 5 Ol pPICOK-Anfae5. % UV 330
5T 3d A R WG S 24. 72U /mLo

1. FERER Z B TR E N BRI
Figure 1. The feruloyl esterase activity of P. pastoris transformants.

0: BMMY; I -5: pPIC9K-Anfae/GS115 1 - 5.

LA pPICOK-Anfae5 #4614 {4 f& DNA O #5
B, BEAT PCR 56 1IE, e 46 7 34 48 T AL B 4L SR 15 W)
FEIf) PCR Zify (45 A8 W) 1 [ PR B 77 ik 5
WA G132 300 bp Je Ay (4 240, HeRBIMA G
YJTo 4 PCR &5 JAE 5K AnfaeA JE R R D) 38 6 31| B
TRIERE I G AR
2.3 EHHEEEAERLE SDSPAGE 5T R
B2 MR B A 1 E

LRI 5 3 R IA T AL R AR W BE, 5 12 h HORE,
SE TR T I el B R I R 0 R LI 0 AR S
B g% 3d Ik B W, 4 I T5VE 1.5 PRk xS 5 AL ¥
KWW L BEAT & A UOE, R R W R Jn 3R 4T SDS-
PAGE 7p#fr, 4 R UL 2, £ 33 kDa A4 1 25 W)tk (1)
o S P R AT T B G [ pPICIK/GS1S i 3 1
LT3 W ek B A XD R W H LA
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PRI RIE o R L 2% & EH AR 2, Bradford V&
15 R A B AW A 0.676 mg/mL, Bandscan A4
A 7R H R B EE R 0. 605 mg/mL, 7 & 97 5 H
F11¥) 89. 6% o ALK LLIG /14 40.84 U/mg. T
B R TR B AE LR R A S U 1 Ji DR S0 4 I 1) 23
TR THEIR S T & (28.23 kDa) .

kDa M | 2 3

66.4—

443 —

290—
20.1—
b ¢

2. P ERE% BSBE % B2 SDS-PAGE £ 4f

Figure 2. SDS-PAGE analysis of fermentation supernatants. M, Low
molecular weight protein marker; lanel, Fermentation supernatants
from pPIC9K/GS115; lane 2 and 3, Fermentation supernatants from

pPIC9K-Anfae/GS115  ( sampling amount 10wl and 20pL,

respectively) .

2.4 FHHAMMBERSETFEHRR

P16, 1 i) 7 A W T AL B B IR I A A
il pH be pH FaE P, 85 R WK 3,5 % 11 B i
pH 25 5.0 Aty 7 pH g 4 =7 3 Bl #4035 1 48
B MG T 3.0 B T 9.0 L JL AN, K
3 LA Y 2 R B R MR G AL pH 4.0 - 9.0 Ji[H
PR E 12 VA Bl T 2 A I AR R R N T
2 pH g 3.0 I 35°C LR 1 hy JUF R 1 5 24
pH 4 9.5 I 35CHEH 1 h 5K AR WE K 42.89% .

X T 21 6] 0L R 5 I ) o S B i B i AR
PEABREAT T . 5 Rk 4 fios, HmiEw A
50°C, 71 40 — 60°C 2 [a) A7 %52 v il A ¥ 5 224 0L P i
TOC I s fE A 0% 1R B, B S B RO OE R
29.8% o HHIE 5 AT LLE i, 2 M A1 40 - 50°C I 42
FaE,S0C A H 1 h i, 5 PR B 71. 89% Il - >4
U BE v T 60°C N, T AR e 1 AL 22 5 AL R 10min J5 5 B
RETEI R 2.92% o DR MG EE A 1k 3L N T F A 2
P v 1% I I B E 1

120 —— pH stability —e— Optimal pH
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40 |

residual/relative activity (%)

20

1 1 1 1 1 1 1 1
303540455055 60657075 8085 9095
pH
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Figure 3. Effects of pH on the activity and stability of

recombinant feruloyl esterase.
100
80
60

4

40

relative activity/%

20+

0 I I I I |
20 30 40 50 60 70

7°C

4. REMEHMREREIETEHNZNE
Figure 4. Effects of temperature on the activity of recombinant

feruloyl esterase.
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Figure 5. Effects of temperature on the stability of recombinant

feruloyl esterase.
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o 00 2 15 i) 1 N FH i e K H R AR AR AT Tk Ak A=
FERI R A SO AL niger B BRTR R g A Sk D gE 47
T B RN B IR I R R ) R AR A T

e LR T B A P R B AR IR I 1 B 9T R A
1993 451 o B A B A BRI JUA 22 R BB
A= ] 28 1 T A P 9 P A o A S o s R 4
AR ST 5 H IR A7 =38 m b 1 mg/mL, i
354 20. 6 nkat/mL"™ . J5 3k de Vries 2530 i 482 v 3t
DRI UL RSB0 T /8 S 2 R 5 ih 3 b i 3Rk, HL
Fe Ik B ARG SR DRt 22 oK B P P o R R T R
fitg s L HE AT B AU o 2001 Juge %5 M7 7 B FR g B h
SCHL T R R faeA R YR s RIS, RIX R
300 mg/Lo A LIX B4R TE (0T 5T 45 R 5, A SCEA
FAHFILE (605 mg/mL) izt X sk @ . B 3L
P 1 T P RE v 01 v 2 3 0 O L AE R Tl AN i 4
Tl 5 T A R AR FH R T R

— BT 5 B SRR 1 BT B R s T 11 e 1 VL S
30 - 60°C o AR 3L AL B B AR IR A A RN
50°C , 7£ 40 — 60°C I 55 Fa o » ¥ JE 5 T 60°C I, U A&
SE PR 72, IX A TC v A — L R R 0 B W A
FHEPRE 4R R R ) 4 S5 i R e DR e R
155845 \DNA shuffling 152 [ 32 44 25 5k o 5t 22 il 2%
SaeA FEDRIFEAT 0E B WF S T o B il ik i DA
ISR IS W 2 e B SE A R, bs ) i R R TR
g SIZ T80T 2 R i T 1) ol Ak Y FH B9 5 1 S 1P Ak

2 2% SR
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Cloning of feruloyl esterase gene from Aspergillus niger
h408 and high-efficient expression in Pichia pastoris

Yanyan Zhou, Xinli Liu, Jing Chen, Hongyu Hu, Yunhua Hou
Collage of Food and Bioengineering, Qilu University of Technology, Jinan 250353, Shandong Province, China

Abstract: [Objective] To achieve the high-efficiency expression of feruloyl estrase gene (AnfaeA) from Aspergillus niger
h408 in Pichia pastoris and characterize the recombinant feruloyl esterase (FAE). [Methods] Using gene splicing by
overlap extension (SOE) , we cloned AnfaeA gene from A. niger h408 and subcloned into T vector for sequencing analysis.
The expression vector pPIC9K-Anfae was constructed by the ligation of the Anfae A gene into the shuttle vector pPICIK. The
plasmid pPIC9K-Anfae was linearized and then electrotransformed into P. pastoris GS115. The recombinant strain with high
level of FAE activity was obtained through plate screening. Effects of pH and temperature on recombinant FAE were
determined by ultraviolet (UV) methods. [Results] We have successfully cloned and high-efficiently expressed the AnfaeA
gene (GenBank: KF911349) from A. niger h408 in P. pastoris GS115. The sequencing result showed that the length of
Anfae A was 783bp. The gene contained an Open Reading Frame encoding 260 amino acids and was similar to feruloyl
esterase A from A. niger by homology analysis. The deduced amino acids contained a typical active lid and catalytic triad of
lipase. The SDS-PAGE result indicated that molecular weight of the recombinant FAE was about 30 kDa and the activity of
the recombinant enzyme was 24. 72 U/mL. The specific activity of the recombinant FAE was 40. 84U /mg. Compared with A.
niger h408, the recombinant enzyme activity increased about to 1100 times. The optimal temperature and pH for recombinant
FAE was 50°C and 5.0, respectively. Recombinant FAE showed nearly 80% of its maximal activity at 60°C and was active
in the pH range 4.09.0. [Conclusions] The high-efficient expression of AnfaeA gene in P. pastoris provided a prerequisite
for achieving industrial application in feed and paper-making industry. In addition, the results established the experimental
basis for further improvement of recombinant feruloyl esterase by directed evolution.

Keywords: feruloyl esterase, cloning, expression, Aspergillus niger
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