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Cloning, Expression and Enzymatic Characterization of Feruloyl Esterase A
from Aspergillus usamii

GONG Yan—yan', YIN Xin*, WU Min—chen™, ZENG Yan'
(1. School of Pharmaceutics,Jiangnan University, Wuxi 214122, China;2. The Key Laboratory of Industry
Biotechnology , Ministry of Education, Jiangnan University, Wuxi 214122, China;3. Wuxi School of Medicine, Jiangnan
University , Wuxi 214122, China)

Abstract: A ¢cDNA gene (AusfaeA ),which encodes a feruloyl esterase (FAE) A from Aspergillus
usamit EOO1 (abbreviated to AusFaeA),was amplified by RT -PCR. The expressing plasmid
pPICOK-AusfaeA was constructed and linearized with Sac ,followed by transforming it into Pichia
pastoris GS115 by eletroporation. The recombinant P. pastoris GS115/AusfaeA was screened by
G418 and then was induced with methanol to express reAusFaeA. The purified reAusFaeA showed
one single band on SDS-PAGE with an apparent molecular weight of 36.0 kDa. The feruloyl
esterase activity of the reAusFaeA against methyl ferulate (MFA) reached 29.4 U/mg determined by
HPLC. Tts optimal temperature and pH were 45 °C and 5.0,respectively. It was stable at a
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temperature of 45 °C or below,and at a pH range of 4.0 ~6.0. Its enzymatic acvitity was not

signficantly affected by an array of tested metal ions. This indicated that the AusfaeA was

successfully expressed in P. pastoris and the excellent properties of the reAusFaeA make it a

potential candidate for applications in industrial processes.

Keywords: Aspergillus usamii,feruloyl esterase A,gene cloning,expressing, Pichia pastoris,

enzymatic characterization

(Ferulic acid), 4— -3-
[1] ,

[2-3]
b

(E.C.3.1.1.73, Ferulic acid esterase,

FAE)
|4—5|O
1991  Faulds®
30
[7]O
[8] .
[1]
[9]O
|10|O
, (
)
|
Aspergillus usamii £001,
RT-PCR A

cDNA GS115

reAusFaeA

o

1.1
(Aspergillus usamii )E001

,pUCm-T

E. coli JM109 .E. coli DH5«
Sangon ; P. pastorts

GS115 ,pPIC9K
Invitrogen
1.2

JaTaqg DNA T4 DNA

.250 bp DNA Ladder Marker
Marker TaKaRa ;s YNB .

.G418 \UNIQ-10 Trizol RNA
EZ -10 Spin Column DNA Gel

Extraction Kit Sangon
1.3
( ) :2% ,3%
,3% KH2P0O4,1% CaCl2,1% MgS04;

( RNA):0.9% NaNO3,0.05% KH,PO,,0.05%
MgS0O,,0.4% ,20% ;LB
YPD MD BMGY  BMMY Multi—Copy
Pichia Expression Kit (Invitrogen )

14
3
NCBI Aspergillus niger CBS 513.88
A ,
AusFaeA

cDNA

2013 32 7 (707}



GONG Yan -yan,et al: Cloning, Expression and Enzymatic
Characterization of Feruloyl Esterase
A from Aspergillus usamii

Research Article

(Fae-F):5" -GAATTCGCTTCCACG

CA AGGCATCTC-3", EcoR o
(Fae-R):5’-GCGGCCGCTTACCAAG
TACAAGCTCCG-3’, Not o
1.5 RNA
A. usamui E001 ,
30 °C.220 r/min 24 h, 3%
24 h , UNIQ-10 Trizol ~ RNA
A. usamii RNA,
1.6 AusFaeA cDNA
A. usamii  RNA .Oligo dT-
Adaptor , c¢DNA o
Jae-FF  MI13 primer M4
PCR , 50 plL, :5xPCR
10 pL, 2 wL,dNTP (2.5 mmol/LL) 1.5

pL,Fae—F M13 Primer M4 0.5 plL,rTaq  0.25
pl, 35.25 pL; :94 °C 5 min, 30
(94 C 30 5,51 € 305,72 C 605s),72 C 10
min, PCR JFae-F  Fae-R
PCR , :94 C 5
min, 30 (94 °C 30 5,53 C 305,72 C 60 s),
72 °C 10 min, PCR 1% ,
, EZ-10 Spin
Column DNA Gel Extraction Kit o
PCR pUCm-T , JM109
; N 0.7%
PCR , Sangon ,
pUCm-T-AusfaeA . ,
NCBI Blast o
1.7
pUCm-T-AusfaeA  EcoR
AusfaeA ,
s DH5«a

Not R
pPICOK
, PCR
pPICOK-AusfaeA
1.8 AusfaeA
pPICOK
Sal ,
GS115 MD ;
MD

Sangon o
GS115
pPICOK -A usfaeA

G418  YPD 2.0

mg/mL G418 , GS115/
9K  GS115/AusfaeA ¢ y
GS115 DNA,
3-AOX PCR
o GSI115/9K  GS115/AusfaeA
Multi —Copy Pichia Expression Kit

5-A0X
GS115

(Invitrogen ) 0
1.9 reAusFaeA
8 000 r/min 5 min
) 80% (NH,),S0,
20 mmol/LL pH 6.0

’ Ay

( 10 000, Millipore
) Sephadex G-75 o
Bradford [
o SDS-PAGE o
(MFA) ,
(HPLC) reAusFaeA
o zhang™
900 pL. MFA (1 mM,pH 6.0
) 2 mLEP ,45 C 10 min, 100
L , 10 min 400 pL
400 pL ,
o (45 C .pH
6.0), 1 wmol
(U)o,

1.10 reAusFaeA

1.10.1 reAusFaeA # 5k i& % & B 5% E A& 2 M
pH 6.0 10 min, reAusFaeA
(30~70 C) o
100% ,
° 45.50.55 C
10.20,30.,40.50.60 min, ,
5 0 min
100% , )

o

1.10.2  reAusFaeA # 5% & pH & pH #& T H
10 min, reAusFaeA
pH  (pH 3.5~7.5 - )
o pH 100%,

@  Journal of Food Science and Biotechnology Vol.32 No.7 2013



MR E. FEENEMARES A LRBG LKL RARBFERTR

pH pH
pH- o
pH (pH 3.5~7.5 -
) 25 35C 1 h,
100% , pH
pH , pH- o
1.10.3 & /& & F F= EDTA *F reAusFaeA B & M)
AL EDTA (
2.0 mmol/L) 35 C 1h,
o 35 C
1h 100% ,
EDTA  reAusFaeA o
AR CA e
21 AusFaeA cDNA
1.6 RT-PCR  PCR
1%
1 , 800 bp
pUCm-T JM109
PCR

pUCm-T-AusfaeA , Blast
Aspergillus niger faeA (Y09330.2)
Aspergillus flavus NRRL3357 faeA (XM_002380132.1)
Aspergillus oryzae RIB40 faeA (XM_001818700.1)
99% .70.9%  70.6%.

bp
4500

3000 e
2250 S B
1500

1000
750

500

250 =

M:250bp DNA Ladder Marker;1: PCR 2
PCR
1 AusfaeAPCR
Fig. 1 Electrophoretic profile of PCR products of AusfaeA

© 1994-2014 China Academic Journal Electronic Publishing House. All rights reserved.

2.2 pPICIK-AusfaeA

1.7 , pUCm-T-AusfaeA
pPICOK EcoR'1  Notl
2.7 kb 800 bp
9 kb o 800bp 9kb
DH5a . PCR
2.3 GS115
1.8 GS115/
AusfaeA  GS115/9K
5-A0X 3-A0X PCR
2 , P. pastoris
(AOX1), 2.1 kb,  pPIC9k
-1(AOX1)
(5°A0X1  37AOX1), (MCS)

5-A0X  3-A0X PCR
,GS115/AusfaeA  PCR

GSI115

21kb 13kb GS115/9K  PCR
2.1 kb 0.5 kb
AusfaeA GS115
,8 000 r/min 5 min

bp M 1 2 3 4 5 bp

M: 250 bp DNA Ladder Marker;1-4:GS115/AusfaeA;5: GS1159K
2 PCR
Fig. 2 Verification of P. pastoris transformants by PCR

2.4 reAusFaeA SDS-PAGE
1.9 reAusFaeA
, GS115/AusfaeA
reAusFaeA 7.05 U/mlL, GS115/9K

2013 32 7 (709

http://www.cnki.net



GONG Yan -yan,et al: Cloning, Expression and Enzymatic
Characterization of Feruloyl Esterase
A from Aspergillus usamii

Research Article

o

reAusFaeA 29.4 U/mg, SDS-PAGE
,GS115/A usfaeA 36 000
( 3 2-
3), GS115/9K
( 3 1), reAusFaeA
(28 300),
reAusFaeA  P. pastoris
o NetNGlye 1.0
(http :/www.cbsdtudk/services/NetNGlye/)  NetOGlye

3.1 (http://www.cbs.dtu.dk/services/NetOGlyc/)
N O o AusFaeA

1431
3 reAusFaeA SDS-PAGE
Fig. 3 SDS-PAGE analysis of reAusFaeA
2.5 reAusFaeA

1.10.1 reAusFaeA

40~50 C (
45 C

45 C,
4); 5 ,
, 60 min 89.3% ;
45 °C , 55 C

20 min 7.91%

o
100
80
60

40

AHXS G 1%

20

0 1
30 35 40 45 50 55 60 65 70

LEE/C
4 reAusFaeA
Fig. 4 Effect of temperature on the activity of the

reAusFaeA

FRABEG 1%

0 10 20 30 40 50 60 70
) 6] /min

5 reAusFaeA
Fig. 5 Effect of temperature on enzyme stability

1.10.2 reAusFaeA
pH pH o , pH 5.0,
pH 3.5 7.5
( 6) 7 , pH 4.0~6.0
1h 60% ; pH
4.0 6.5 °

AT AT /9%

35 40 45 50 55 60 65 70 175
pH

6 pH reAusFaeA
Fig. 6 Effect of pH on the activity of the reAusFaeA

S
o
-Lg
=4
=
3.5 40 45 50 55 60 65 7.0 75
pH
7 reAusFaeA pH
Fig. 7 Effect of pH on enzyme stability
1.10.3 s
EDTA  reAusFaeA o ,
EDTA

@ Journal of Food Science and Biotechnology Vol.32 No.7 2013



_ e K. FLEBBEMMRBESE A LB WG LS RERTFERTR

, 6.82 U/mL,
i AusfaeA P. pastoris
‘i%ﬂ GS115 ,
&
=y , N N
= . [1710
,reAusFaeA
XJHE Na® Lit Ca* Ba® Fe* Mg?Cu Co* Mn* Sn** Zn* Fe'* AI*EDTA 7.05 U/mL ’ ’ 294
8 EDTA  AusFaeA U/mg; SDS-PAGE reAusFaeA
Fig. 8 Effects of various metal ions and EDTA on the 36.0 kDa;
activity of the reAusFaeA 45 C, 45 C ;
pH 5.0, pH4.0~6.0 1h
ARESADNAR AR o i,
N 55 C 20 min O ’
. 7.91%, o
o Mathew " Aspergillus flavipes ,
[1] , , .o - ,2008,10:11-15.

XU Hui,SUN Lan—ping,ZHANG Bin,et al. Advance research on feruloyl esterases produced by microbes[J]. China Brewing,
2008,10:11-15.(in Chinese)

[2 ] Vries RP.DE, Visser J. Aspergillus enzymes involved in degradation of plant cell wall polysaccharides[]J]. Microbiology and
Molecular Biology Reviews,2001,65(4).:497-522.

[3 ] Luonteri E,Kroon P A, Tenkanen M, et al. Activity of an Aspergillus terreus a—arabinofuranosidase on phenolic —substituted
oligosaccharides[]J]. Journal of Biotechnology, 1999,67:41-48.

[4 ] Kroon PA,Garcia—Conesa MT, Fillingham 1J et al. Release of ferulic acid dehydrodimers from plant cell walls by feruloyl esterases
[J]. Journal of the Science of Food and Agriculture, 1999,79.428-434.

[ 5] Crepin V F,Faulds C B,Connerton I F. Functional classification of the microbial feruloyl esterases|J]. Appl Microbiol Biotechnol,
2004,63:647-652.

[ 6 ] Williamson G J,Faulds C B. The purification and characterization of 4-hydroxy—3—-methoxycinnamic (ferulic) acid esterase from
Streptomyces olivochromogenes|]]. Joumal of General Microbiology, 1991, 137.:2339-2345.

[7] . . [J] ,2009,12:11-16.
HU Xue-song, LI Xia—lan. Review on cloning, expression ,regulation and applicationsof feruloyl esterase genes|]]. Biotechnology
Bulletin, 2009,12:11-16.(in Chinese)

[8] , , . [J]. ,2009,36(12) :26-30.
LIU Jing-jing,CAO Yang—chun, YANG Hong—jian. Ferulic acid esterase expression system and enzyme protein topology analysis
of the spatial structure[J]. China Animal Husbandry And Veterinary Medicine,2009,36(12) :26-30.(in Chinese)

[ 9 ] Nethaji B M,Pattabhi V. Structure of 3—(4-hydroxy—-3-rnethoxyphenyl)-2—propenoic acid (ferulic acid). ActaCryst, 1988,
C44.275-2717.

[10] , . [J]. ,2003,20:44-47.
LIU Zi-li,0U Shi-yi. Extraction of ferulic acid from enzymatic hydrolysate by using ion—exchange adsorption [J]. Guangzhou
Food Science and Technology,2003,20:44—47.(in Chinese)

2013 32 7 @



GONG Yan -yan,et al: Cloning, Expression and Enzymatic .
Characterization of Feruloyl Esterase ResearCh Arthle
A from Aspergillus usamii

[11] , , . 0l ,2012,31(5):1096-1102
LI Xia—lan,CHEN Shan—ying, YANG Dao—xiu,et al. Utilization of feruloyl esterase and xylanase for the degradation of brewers’
spent grain[J]. Chemical Industry And Engineering Progress,2012,31(5):1096-1102.(in Chinese)

[12] Li J F,Zhao S G,Tang C D,et al. Cloning and functional expression of an acidophilic beta—mannanase gene (Anman35A) from
Aspergillus niger LW-1 in Pichia pastoris|]]. Journal Of Agricultural And Food Chemistry,2012,60(3):765-773.

[13] Tang C D,Guo J,Wu M C,et al. Cloning and bioinformatics analysis of a novel acidophilic f—mannanase gene,Auman5A ,from
Aspergillus usamit YL-01-78[J]. World Journal of Microbiology and Biotechnology ,2011,27(12):2921-2929.

[14] Bradford M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of
protein—dyebinding|J]. Analytical Biochemistry,1976,72.248-254.

[15] Zhang S B,Pei X Q,Wu Z L. Multiple amino acid substitutions significantly improve the thermostability of feruloyl esterase A
from Aspergillus niger|]|. Bioresource Technology,2012,117:140-147.

[16] Mathew S, Abraham T E. Studies on the production of feruloyl esterase from cereal brans and sugar cane bagasse by microbial
fermentation|J|. Enzyme and Microbial Technology ,2005,36:565-570.

[17] , , , - [J]. ,2012,23(4) :43-
47.
CHEN Bin, TANG Xue -ming,SHEN Wei,et al. Cloning of a laccase gene from Neurospora crassa and it’s preliminary
expression in Pichia pastoris[]]. Journal of Food Science and Biotechnology ,2012,23(4):43-47.(in Chinese)

C ) 7

( ): The 7th International Medicinal Mushroom Conference

2 ) 2 ’

: 2013-08-26 : 2013-08-29

Chinese Academy Engineering China Chamber of Commerce of Import and Export of Foodstuffs, Native
Produce, and Animal By—Products
: +86-10-87109860 : +86-10-87109861 : immc7@hotmail.com

: http://www.immc7.com/

: 2013-08-17 : 2013-08-18

[ ] : N : 01064807455
E-MAIL: hxla2013@163.com
: http://www.mscfungi.org.cn/templates/T_Contents/index.aspx?nodeid=8&page=ContentPage&contentid=539

@  Journal of Food Science and Biotechnology Vol.32 No.7 2013



