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OE: hAERFEET R RRT RS E Aspergillus oryzae 49 A A FTHLER B B AT LKA Y, 4R K3
A A H R AR T A T BB 0 i AL A B s AL BOR, Ak 8 E AL oryzae CICC 40186 % RNA A 444, i i¥ RT-PCR
PR LML Tk BEFTIREAH A (AorFacA) AR IKE %A L B AorfaeA, 4480 pPICOK /i#: I T e s
B GS115 ¥ 897k &1k, SDS-PAGE 24 £ B =i/ 0 TLFTHEL BB (reAorFacA) AR —5%, £k
WMourFIREL 39.0 kDa, VATHER T B A &M, %5 20RA EEENIF LB R SE 4 5835 Umg. # A
reAorFacA Fo R BABBE 5 & B KR 0 £ 3 & FTI0ER, B KIURTAR 4l ) Z 3R FTILBOAR IR, ATRIAES
HPD-300 A KIS 69 K I 2 Ao iR R 4L 5, WA 50%49 TBF A eblik, %Rk 4 1.0 mL/min B SeBLRRAET.
FEZAKMN T, FARRAGEIES 92%, RENF AR T 0.13% 5 ER 52 10.55%. XEHFR A TR
BBk “HREAF” BRERRET ERE LR,
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Abstract: To express feruloyl esterase A from Aspergillus oryzae in Pichia pastoris expression system and study its
hydrolysis function, explore the conditions and effects of purification for ferulic acid extracts by macroporos resin. Using the
total RNA from A. oryzae CICC 40186 as the template, we amplified coding sequence AorfaeA encoding a mature feruloyl
esterase A (AorFacA) by RT-PCR technique. Then, the coding sequence AorfaeA was successfully expressed in Pichia
pastoris GS115 mediated by an expression plasmid pPIC9K. The purified recombinant AorFaeA (reAorFacA) showed one
single band on SDS-PAGE with an apparent molecular weight of 39.0 kDa. The maximum activity of reAorFaeA to methyl
ferulate, measured by high-performance liquid chromatography (HPLC), was 58.35 U/mg. Then, reAorFacA was used to
release ferulic acid from de-starched wheat bran in the presence of xylanase. The purification tests for ferulic acid from the
enzymatic hydrolysate were carried out with preselected macroporous resins. The results showed that macroporous resin
HPD-300 had much higher adsorption and desorption capacities. Ferulic acid could be quantitatively recovered by 50% of the
eluent concentration at a flow speed of 1 mL/min. Under the purification condition, the recovery ratio of ferulic acid was 92%,
and the content of ferulic acid was increased from 0.13% in the raw material to 10.55%. This work exploits the breakdown of

ferulic acid by recombinant enzymeand provids a good strategy to its “green production”.

Keywords: Aspergillus oryzae, feruloyl esterase A, gene cloning and expression, ferulic acid, purification

(Feruloyl esterase, E.C.3.1.1.73) [6-71
4- -3-

[1-3]

Mathew ¥ Aspergillus flavipes (0]

6.82 U/mL 5]

Aspergillus niger A [11]
16.6 U/mL
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Aspergillus oryzae
[12]

DNA marker marker YNB

geneticin G418

UNIQ-10 Trizol RNA
EZ-10 Spin Column DNA Gel Extraction Kit
A Sangon
A. oryzae CICC 40186
RT-PCR
A (AorFaeA) cDNA 13 fEEs
GS115 2% 30,
3% KH,PO, 1% CaCl, 1% MgSOy4
- ( RNA ) 0.9% NaNO; 0.05%
. KH,PO; 0.05% MgSO, 0.4% 20%
1 ﬂ'*"’—% ji ¥ L1.3 YPD MD BM(‘TY BMMY
Invitrogen Multi-Copy Pichia
1.1 BERFER Expression Kit
" 021122240186 Escherichi 4 HE
scherichia 141
coli JM109 DH5a Pichia pastoris A. oryzae RIB40
GSTIS pPICOK A (GenBank Accession No.
pUCM-T Sangon XM_001818700) pPICIK
GS115/Aoxyn11A [13] AorFacA
1.2 T EBE. 514F07 cDNA FaeA-F
T4 DNA Taq EcoR | FaeA-R
TaKaRa Not I Sangon
PCR Sangon PCR (D
%*1 ¥HEBEER AorfaeA #J PCR 5149
Table 1 PCR primers for amplification of target gene AorfaeA
Primer name Primer sequence (5'-3") Size (bp)
FaeA-F (Forward) GAATTCGCAATCACTCAGGGGATCT 25
FaeA-R (Reverse) GCGGCCGCCTACCATGTACAGGCTCCG 27

The base sequences underlined are the restriction sites.
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1.4.2 AorFaeA

A. oryzae
30 'C 220 r/min 24 h
2%
24 h UNIQ-10 Trizol RNA
A. oryzae RNA RNA
RT-PCR oligo (dT)
cDNA
cDNA FaeA-F
oligo (dT)-M13 Primer M4  FaeA-R
PCR AorFaeA
cDNA PCR 1%
pUCm-T
E. coli IM109 Sangon

pUCm-T-AorfaeA
1.4.3 AorFaeA

pUCm-T-AorfaeA

EcoR | Not [
pPIC9K E. coli DH5a

pPIC9K-AorfaeA

pPIC9K-AorfaeA  Sal |

GSI115 MD MD
0.5 1.0 2.0

4.0 mg/mL G418 YPD 4.0 mg/mL

G418 GS115/AorfaeA

GS115/AorfaeA GS115/9K
DNA 5-A0X  3-A0X PCR
GS115/AorfaeA
SDS-PAGE [14] [15]
144 (reAorFaeA)

(NH4)2SO04
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80% 10 000 r/min 10 min
(pH 6.0)
Sephadex-75
Bradford (el
reAorFaecA Zhang 7
900 uL 0.1 mmol/L
(pH 6.0) 1 mmol/L
EP 45 C 10 min 100 puL
10 min
400 pL
(HPLC) 320 nm
reAorFaeA
400 pL
1 pmol
)
UltiMate-3000
C18 5 um ODS (260 mmx
4.6 mm) 30 C 20 uL
A 100% B 1% (VIV)
0 min 50% B 10 min 20% B UV
320 nm 1 mL/min
1.45
143 GS115/AorfaeA™™
GS115/Aoxynl1l1A reAorFacA
(reAorXynllA) reAorXynllA
[13] 05¢g
100 mL 8 mL reAorFaecA
( 1688 U) 0.5 mL reAorXynllA (
72.5 515 U) 0.1 mmol/L (pH
5.0) 30 mL 40 C 10h 5 min
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1.4.6
95%
24 h (
2 cmx30 cm) 1
3
1.4.7
D-101 HPD-100 HPD-300 HP-20
AB-8 (2
lg
50 mL 25 °C 120 r/min
24 h
95% 50 mL 25 C
120 r/min 24 h
1.4.8
50 mL 15 cm
0.1 mg/mL
10 mL 2h 1
(BV)
3,5- (DNS) HPLC
(%) = (
X )/ (
X ) x100%

(%) = (
X )/
2 BR54H

2.1 AorFaeA FEABKRIDEFE M RIERFRIE
Bk B
A. oryzae RNA

x100%

FaeA-F
oligo (dT) -M13 Primer M4 FaeA-R

1.4.2 RT-PCR PCR
1% PCR
1 000 bp ( 1
1) PCR 800 bp
(1 2)
pUCm-T
E. coli IM109
Sangon

pUCm-T-AorfaeA
783 bp 260 Blast
Aspergillus niger
faeA (GenBank Accession No. ADI70526.1)
71% Aspergillus terreus

NIH2624 faeA (GenBank Accession No.
XP_001217493.1) 71%

Aspergillus tubingensisfaeA (GenBank
Accession No. CAA70511.1)
74% pUCm-T-AorfaeA
Not I

EcoR [

pPIC9K
pPIC9K-AorfaeA

E. coli DH5a

pPIC9K-AorfaeA Sangon

cjb@im.ac.cn



430

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech March 25,2014 Vol.30 No.3

bp
4500

bp

3000
2250

1500

1 000
800

1000
750

500

250

Bl 1 AorfaecAPCR F=4j FE ik &

Fig. 1  Electrophoretic profile of PCR products of
AorfaeA. M: DNA marker; 1: the first round of PCR
product; 2: the second round of PCR product.

2.2 AorfaeA EFEEEFBEPHRIE

Multi-Copy Pichia Expression Kit
[19]

G418
(0.5 mg/mL G418 1-2 )
G418
4.0 mg/mL G418
GS115/AorfaeA
5'-A0X  3'-AOX PCR
PCR 1%
2 GS115/AorfaeA
PCR 1300bp 2100 bp
( 2 1) GS115/9K
PCR 500 bp 2100 bp
DNA ( 2 2)
AorfaeA GS115
Multi-Copy

Pichia Expression Kit

http://journals.im.ac.cn/cjben

GS115/AorfaeA
2.11 U/mL SDS-PAGE ( 3
1)
SDS-PAGE (
3 2) 58.35 U/mg
Koseki 2%
Aspergillus awamori AwfaeA
(9.01+£0.89) U/mg SDS-PAGE
reAorFaecA 39.0 kDa

NetNGlyc 1.0
(http://www.cbs.dtu.dk/services/NetNGlyc/)
N
reAorFaeA N-
reAorFaeA

bp bp
4500

3000

2250 2100

1500
1300

1000
750

500 500

250

2 BHEEFREEE GS115/AorfaeA B PCR ¥ 7E

Fig. 2 Identification of recombinant Pichia pastoris
GS115/AorfaeA by PCR. M: DNA marker; 1: PCR
product of GS115/AorfaeA; 2: PCR product of
GS115/9K.
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2.3 A[EKFLA BE X P £ EK AY IR Bff 2 F0 AR IR

RN E
kDa M 1 2
116.0 ———
66.2 — -
45.0 — . 21 1.4.7
B 39.0 kDa
35.0 - 5
25.0 - HPD-300
( 3
18.4 —|
14.4 — ( 2 HPD-300
3 FRiEFFH) SDS-PAGE #1f T-T
Fig. 3 SDS-PAGE profile of expressc?d products. M: HPD-300
protein marker; 1 and 2: the expression products of
GS115/AorfaeA unpurified and purified, respectively.
2 BERILMEEMEMER
Table 2 Physical properties of macroporous resins
Resin tvpe Partical Pore diameter Polarit Surface area Moisture  Apparent density Wet true density
P size (mm) A) J (m¥/g) (%) (g/mL) (g/mL)
HPD-100 0.3-1.20 85-90 Non-polar 650-700 65-75 0.28-0.34 1.03-1.07
HPD-300 0.3-1.20 50-55 Non-polar 800-870 65-75 0.28-0.34 1.03-1.07
HP-20 0.3-1.20 55-65 Non-polar 600 65-75 0.68 1.26-1.29
D-101 0.3-1.25 100-110 Non-polar >400 65-75 0.27-0.34 1.03-1.07
AB-8 0.3-1.25 13-14 Weakly polar ~ 480-520 65-75 0.60-0.70 1.00-1.10
R3 BSRMBRER 2.4 B ER I X A BRER 3% B SR B 21
Table 3 Static adsorption analytic results 10 mL
. Adsorption capacity Desorption ratio
Resin type
P (mg/g) %) 2h
HPD-100 9.53 81.5 4 BV
HPD-300 13.65 87.3 HPLC
HP-20 5.68 55.5 30% 50% 70%
D Bt o 1.0 mL/min 1BV
AB-8 8.29 60.7

7 BV

cjb@im.ac.cn
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10 mL 1.0 mL/min
4A 4A 30 4 BV
70
1.0 mL/min
50%
2.6 IGUEIRIE
50 mL
2.5 35 Hit R AT I X T B S5 A LR B $2 i 0.1 mg/mL 10 mL
0.5 mL/min 1.0 mL/min 2 h 4 BV
2.0 mL/min 1BV 50 1.0 mL/min
7 BV 4 BV
10 mL 8.72 mg
4B 4B 10.55 92%
0.13%
81.2
0.5 mL/min
A 50 B 60T
—— (0.5 mL/min
3 or a 07 —=— 1.0 mL/min
g/ sob :%” 40 ¢ —4—2.0 mL/min
S |
z S 20f
= 10} = ol
v 2 4 6 g ’ 2 4 6 8
Mutiple of bed volume (BV) Mutiple of bed volume (BV)

B 4 SRR RGRE B ik B i s o B RS 5% A SR B 2 i
Fig. 4 Effects of different concentrations of ethanol and flow speeds on elution of ferulic acid. (A) Change of

ferulic acid concentration with different ethanol contents. (B) Change of ferulic acid concentration with different
flow speeds.
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3 Wik

AorfaeA
P. pastoris GS115
2.11
U/mL reAorFaeA
58.35 U/mg SDS-PAGE
reAorFacA 39.0 kDa
[22]
NetNGlyc 1.0 reAorFaecA
N-
reAorFacA
Jos¢
(PVPP) 3
57%
66%
PVPP
51.8%
[24]
HPD-300
10 mL 2h 4 BV

4BV 50
1.0 mL/min
92% 10.55%
81.2
REFERENCES

[1] Fazary AE, Hamad HA, Lee JC, et al. Expression
of feruloyl esterase from Aspergillus awamori in
Escherichia coli: characterization and crystal
studies of the recombinant enzyme. Int J Bio
Macromol, 2010, 46(4): 440—444.

[2] Wong DS, Chan V, Liao H, et al. Cloning of a
novel feruloyl esterase gene from rumen microbial
metagenome and enzyme characterization in
synergism with endoxylanases. J Ind Microbiol
Biotechnol, 2013, 40(3/4): 287-295.

[3] Topakas E, Moukouli M, Dimarogona M, et al.
Expression,  characterization and  structural
modelling of a feruloyl esterase from the
thermophilic fungus Myceliophthora thermophila.
Appl Microbiol Biotechnol, 2012, 94(2): 399—411.

[4] Mathew S, Abraham TE. Studies on the production
of feruloyl esterase from cereal brans and sugar
cane bagasse by microbial fermentation. Enzyme
Microb Technol, 2005, 36(4): 565-570.

[5] Zhang SB, Pei XQ, Wu ZL. Cloning and expression
of feruloyl esterase A from Aspergillus niger, and
establishment of fast activity detection methods.
Chin J Appl Environ Biol, 2009, 15(2): 276279
(in Chinese).

, , . A

, 2009, 15(2): 276-279.

[6] Faulds C. What can feruloyl esterases do for us?
Phytochem Rev, 2010, 9(1): 121—-132.

[7] Debeire P, Khoune P, Jeltsch JM, et al. Product
patterns of a feruloyl esterase from Aspergillus
nidulans on large feruloyl-arabino-xylo-

oligosaccharides from wheat bran. Bioresource

Technol, 2012, 119: 425-428.

[8] Zhao Z, Moghadasian MH. Chemistry, natural

cjb@im.ac.cn

433




434

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech March 25,2014 Vol.30 No.3

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

sources, dietary intake and pharmacokinetic
properties of ferulic acid: a review. Food Chem,
2008, 109(4): 691-702.
Kikugawa M, Tsuchiyama M, Kai K, et al. Synthesis
of highly water-soluble feruloyl diglycerols by
esterification of an Aspergillus niger feruloyl esterase.
Appl Microbiol Biotechnol, 2012, 95(3): 615-622.
Couto J, St-Louis R, Karboune S. Optimization of
feruloyl esterase-catalyzed synthesis of feruloylated
oligosaccharides by response surface methodology.
J Mol Catal B-Enzym, 2011, 73(1/4): 53—62.
Inns EL, Buggey LA, Booer C, et al. Effect of
modification of the kilning regimen on levels of
free ferulic acid and antioxidant activity in malt. J
Agric Food Chem, 2011, 59(17): 9335—-9343.
Machida M, Asai K, Sano M, et al. Genome
sequencing and analysis of Aspergillus oryzae.
Nature, 2005, 438(7071): 1157-1161.
Li JF, Gao SJ, Liu XT, et al. Modified pPIC9K
vector-mediated expression of a family 11 xylanase
gene, AoxynllA, from Aspergillus oryzae in Pichia
pastoris. Ann Microbiol, 2013, 63(3): 1109—-1120.
Li JF, Zhao SG, Tang CD, et al. Cloning and
functional  expression of an  acidophilic
B-mannanase gene (Anman5A) from Aspergillus
niger LW-1 in Pichia pastoris. J Agric Food Chem,
2012, 60(3): 765—-773.
Wang P, Zhao Y, Zhu P, et al. Expression and
purification of human p-secretase (BACEl) in
Pichia pastoris. Chin J Biotech, 2011, 27(11):
1655-1666 (in Chinese).
, ) R (BACEI)

, 2011,
27(11): 1655—1666.
Bradford M. A rapid and sensitive method for the
quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem, 1976, 72(1/2): 248-254.
Zhang SB, Pei XQ, Wu ZL. Multiple amino acid
substitutions significantly improve the thermostability
of feruloyl esterase A from Aspergillus niger.

Bioresource Technol, 2012, 117: 140—147.

http://journals.im.ac.cn/cjben

[18]

[19]

[20]

(21]

[22]

(23]

[24]

Wu MC, Zeng Y, Gong YY, et al. Gene cloning,
expression of a feruloyl esterase A (faeA) from
Aspergillus oryzae: China, CN 201210562540.X.
2012-12-24 (in Chinese).

(faeA) : , CN
201210562540.X. 2012-12-24.
Chen XF, Chen XL, Zou QL, et al. Expression,
purification and identification for fibronectin
C-terminal heparin-binding domain polypeptide in
Pichia pastoris. Chin J Biotech, 2012, 28(10):
1265—1273 (in Chinese).

) ) s C

. , 2012, 28(10): 1265-1273.
Koseki T, Takahashi K, Fushinobu S,
Mutational analysis of a feruloyl esterase from
Aspergillus  awamori
discrimination and pH dependence.
Biophys Acta, 2005, 1722(2): 200—208.
Chu Y, Song HT, Li D, et al. Purification of extract
of Ligusticum chuanxiong hort by macroporous
resin. J Shenyang Pharm Univ, 2007, 24(6):
365-370 (in Chinese).

et al.
involved in substrate
Biochim

> > s

, 2007,
24(6): 365-370.
Koseki T, Takahashi K, Handa T, et al. N-linked
oligosaccharides of Aspergillus awamori feruloyl
esterase are important for thermostability and
catalysis. Biosci Biotechnol Biochem, 2006,
70(10): 2476—2480.
José MS, Belén M, Raquel RS, et al. Purification of
ferulic acid solubilized from agroindustrial wastes
and further conversion into 4-vinyl guaiacol by
Streptomyces setonii using solid state fermentation.
Ind Crop Prod, 2012, 39: 52—61.
Li J, Chase HA. Development of adsorptive
(non-ionic) macroporous resins and their uses in the
purification of pharmacologically-active natural
products from plant sources. Nat Prod Rep, 2010,

27(10): 1493-1510.

RSB W)



