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Constitutive expression of feruloyl esterase from Aspergillus niger in
Pichia pastoris
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Abstract: [Objective] This study is aimed to constitutively express feruloyl esterase gene (AnfaeA)
from Aspergillus niger in Pichia pastoris GS115. [Methods] The AnfaeA gene was amplified from 4.
niger by overlap extension PCR and cloned into the expression vector pGAP9K.The recombinant
expression vector (pGAP9KAnfaed) was linearized by Sal I, then transformed into P. pastoris
GS115. Feruloyl esterase activity of the recombinant strain was determined by high-performance
liquid chromatography (HPLC) and we optimized the fermentation conditions. [Results] We cloned
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AnfaeA gene (783 bp) and constitutively expressed Anfaed gene in P. pastoris GS115. Feruloyl
esterase activity reached its peak (5.72+0.10 U/mL) after 84 h fermentation, its specific activity was
59.75 U/mg, and the molecular weight of reAnfacA was about 40 kD. The optimal fermentation
conditions were as follows: glucose 40.0 g/L, tryptone 10.0 g/L, yeast extract 30.0 g/L, CaCO5 0.2 g/L,
inoculum age 28 hours, inoculation level 3% (¥/V), medium volume 50 mL in 250 mL flask. Under
these conditions, feruloyl esterase activity in fermentation supernatant was 15.60+£0.23 U/mL.
[Conclusion] We constitutively expressed feruloyl esterase in P. pastoris GS115. It was helpful to

study the constitutive expression system in P. pastoris and improve the fermentation production of
feruloyl esterase.

Keywords: Aspergillus niger, Feruloyl esterase, GAP promoter, Constitutive expression,
Fermentation optimization
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Strains and plasmids

R 1 AKX A ERFN AL

Table 1 The strains and plasmids used in this paper
/
Characters/Application

Sources

Escherichia coli IM109
Aspergillus niger
Pichia pastoris GS115
pGAPIK/GS115
ReGS115

pMD19-T simple vector
pGAPIK

pPGAP9K AnfaeA

Cloning AnfaeA gene
Original strain
Expression host

Recombinant P. pastoris GS115 strains, carrying vector pPGAPIK

Recombinant P, pastoris GS115 strains, carrying vector pGAP9K AnfaeA

Cloning vector, Amp"
Constitutive expression vector, GAP promoter, Amp"

Constitutive expression vector, carrying AnfaeA gene

Laboratory preservation
Laboratory preservation
Laboratory preservation
This study

This study

TaKaRa

Laboratory preservation

This study

1.2 PUERFAEEEE R E Anfoed B IE R EHE K
RYFIEE

=2 EEEMPCR3|4

Table 2 Primers designed for overlap extension PCR

NCBI (GenBank Y09330.2) A. ) -
Primer oy Restriction
niger Singal P name Sequence (5'—3") site
CCGGAATTCGCCTCCACGCA
3.0 PCR P1 AT EcoR 1
2 CTAB "' 4. niger o GCTTACCGTGACAGGCCATA
5 GTCTGGGAGCGTCGATGGCA one
P3 TGCCATCGACGCTCCCAGAC
PCR PCR (50 pL) 2xPCR Tag Master TATGGCCTGTCACGGTAAGC
. P4 ATAAGAATGCGGCCGCTTAC
mix 25 pL (10 pmol/L) 1 pL CAAGTACAAGCTCCGCTCG °
1 uL 22 uL A. niger
Note: The underlined are restriction enzyme cutting sites.
P1 P3
S, (PCR 1 94°C2min 94°C30s 60°C 1.3 FTHEIWERIELFRIGFIE
30s 72°C30s 30 72 °C 10 min) P2 pGAP9KAnfaed  Sal 1
P4 S, (PCR 2P pastoris GS115 MD 30 °C
1) S; S, P1 P4 3-5d PCR
PCR Si S, ( P1 P4 PCR 2)
Anfaed (PCR 05 1.0 1.5
2 94°C2min 94°C30s 68°C30s 2.0 g/lL G418 YEPD
72°C50s 30 72 °C 10 min) PCR
pMDI19-T simple vector pGAPIK P. pastoris GS115
pGAPIK/GS115
PMD19-T-AnfaeA 14 FIERBARSRGREE N E 7535
EcoR1  Not1 (U pH 6.0 50 °C
pGAPIK IM109 1 pmol
Amp 1
pGAPIK AnfaeA 31 200 uL
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600 puL 1 g/L
pH 6.0 50°C 10 min 10 min
HPLC
12 000 r/min 20 min
200 uL HPLC Cis

(XBridage 5.0 pmx250 mmx4.6 mm Waters Co.,

Ltd) 320 nm 30°C
pH 7.5 20 mmol/L (90%)

(10%) 0.6 mL/min 10 uL

1.5 FHMIREREEES(reAnfacA)BI 53 B4k

(NH4),SO4 60%
20 mmol/L  NaH,PO4-Na,HPO,
DEAE-Sepharose Fast Flow

DEAE-Sepharose Fast Flow
20 mmol/L  pH 6.0  NaH,PO4-Na,HPO,

A )
5 mL 1 mol/L NaCl 20 mmol/L.  pH 6.0
NaH,PO,-Na,HPO, B ) 10% B
25% B
SDS-PAGE
(Brad-Ford )[14]
1.6 EHEAEMMK
1.6.1 FFiKrYH & YEPD
30 °C
YEPD 30°C 200 r/min 30 h
200 L YEPD
30 °C 200 r/min ODgpo 13-17
2% ( )
50 mL (250 mL ) YEPD
30 °C 200 r/min ODgo 13-17

1.6.2 EHEABIEFEML:

(1)
1)
YEPD (20.0 g/L)
(10.0 g/L) 20.0 g/L
30 °C 200 r/min
84 h ODgo
2)
(20.0 g/L) (10.0 g/L)
5.0-50.0 g/L 30 °C 200 r/min
84 h ODgo0
(2)
1)
30.0 g/L (NH4),SO4 KNO;
+ 2:1) + 2:1)
+ 2:1) 30.0 gL
30°C 200 r/min 84 h ODgoo
2)
30.0 g/L
1:1 1:2 1:3 2:1 22 2:3 3:1 32 33
30 °C 200 r/min 84 h ODgoo
(3)
1) 30.0
g/L 30.0 g/L 20.0 g/L
5130 °C 200 r/min 84 h
2) CaCO;
30.0 g/L 30.0 g/L 20.0 g/L
CaCO;
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0.1-0.8 g/L 30 °C 200 r/min 84 h ANOVA (P<0.05) +
ODgo
PR AEES BRI
1.63 FHEABEFZMHGMIL: 2 BEEREAN
2.1 FERBREREEE E Anfoed HISTRE R EHEF K
HIHIE
(M A. niger PCR
12-32h 30°C Anfaed (
200 r/min 84 h ODg ) 783 bp ( 1A) NCBI
(GenBank Y09330.2) BLAST
(2) 100% NCBI (GenBank Y09330.2)
1%—5% 28 h 903 bp
30 °C 200 r/min 84 h 57 bp 846 bp
ODéoo SingalP 3.0
(3) 2% 63 bp 21
28 h 1B
250 mL 30-80 mL 30 °C pGAPIK
200 r/min 84 h ODg pGAP9KAnfaed ( 1C) ( 1A)
2.2 [ERBSRSEE R & Anfaed TEEEFREEE: GS115
1.64 EXEHR: Y FRIE
Sal 1 pGAPIKAnfaeA
P. pastoris GS115 DNA PCR
( 2
1.6.5 HEUES - SPASS 16.0 2 g/l G418 (
A B C
kb kb Sac S,GAIIZ )
A a-Factor
mésié@ wh EcoR 1
11.5 Pl P2 P3 P4 AnfaeA
5.0 Not 1
%g v l '
e 1.1 | S pGAP9IK Anfaed JAOXI(TT)
: 8§ > 9 808 bp
Signal peptide, 63 pr Exonl, 397 bp
[Mintron. 57 bp Exon2, 386 bp 3A0X| % -
\
HIS4

Kan

1 Anfaed ERIFBEVE AL XD R ELHEIK pGAPIKAnfaed BEIIEIE(A), FIERES BsEEE E T 8B4 47 (B),
IR EA IR pGAPIKAnfaed BIHIEEIE(C)
Figure 1 Agarose gel electrophoresis of AnfaeA and the enzymatic digestion of pGAP9IKAnfaeA (A) and the domain
organization of feruloyl esterase (B) and pGAP9KAnfaeA plasmid map (C)
A M MPst] DNA marker 1 AnfaeA  PCR 2 EcoR1 Notl pGAP9KAnfaeA.
Note: A: M: A/Pst I DNA marker; 1: PCR product of AnfaeA; 2: Recombinant plasmid pGAP9KAnfaeA digested by EcoR I and Not 1.
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kb kb

11.5
59.75 U/mg  SDS-PAGE

40kD ( 4)
[1]

5.0
2.8
1.7

1.1 (28 kD) NetNGlyc 1.0
8:2 Server (http://www.cbs.dtu.dk/services/NetNGlyc/)

0.8

79-82  (Asn-Tyr-Thr-Leu)

N-
2 HAREH PCREIE
Figure 2 The integrated identification of recombinant IR = N
Q 3 2L
Pichia pastoris 23 B4 Z&E?in %&:E'{t “:'
M ADNA/Pst T marker 1 2 231 BRFEAEEEEKIPEERY D
pGAPIK/GS115. 5
Note: M: ADNA/Pst I marker; 1: Positive transformant of ReGS115;
2: pGAP9K/GS115. (P<0.05)
) 6
ReGS115-1-ReGS115-6
ReGS115-1-ReGS115-6 YEPD
(20 mL/50 mL) 30 °C 200 r/min
2% 50 mL/250 mL  YEPD
kD M 1 2 3 kD
12 h 1.4 7oL
3 130
100— s
ReGS115-1 84 h 70— -
5.72+0.10 U/mL 35— -
40— - 40
7 —=—ReGS115-1 —o—ReGS115-4 .
—e— ReGS115-2 ——ReGS115-5 35—
= O 4 ReGSIIS3 —=g ReGS115-6
E < T e m
= 5r .
2 7L 25—
2 ar
4=
& 3
Q L
a0 7 : 4 EAE ReGS115-1 Fi&F=4)#) SDS-PAGE ik 54
L Figure 4 The SDS-PAGE analysis of expression product in
1 | 1 | | 1 | | | T . .
36 48 60 72 84 96 108 120 recombinant strain
¢ (h) M Marker 1 2
pGAPIK/GS115 3 .
53 BRI Note: M: Standard protein marker; 1: Fermentation supernatant of
==k AN E recombinant strain; 2: pGAP9K/GS115; 3: Purification of
Figure 3 The activity of the recombinant GS115 reAnfaeA.
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Figure 5 Effect of different carbon sources on recombinant
strain activity and growth
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Figure 6 Effect of carbon source concentration on
recombinant strain activity and growth
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Figure 7 Effect of different nitrogen sources on recombinant
strain activity and growth

1 2 3 4 5
6 7 8 9 +
2:1) 10 + @1 11 + @:1).

Note: 1: (NH4)2SO4; 2: KNOs; 3: Cottonseed flour; 4: Corn steep
liquor; 5: Tryptone; 6: Fish peptone; 7: Yeast extract; 8: Beef
extract; 9: TryptonetYeast extract (2:1); 10: Tryptone+Beef extract
(2:1); 11: Fish peptone+Corn steep liquor (2:1).
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Figure 8 Effect of the proportion of nitrogen source on
recombinant strain activity and growth
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(P<0.05)
3:2
3:2
233 FTHEXMEBHAEE KNI 0E:

[15]

9
(P<0.05) (02g/L 4.0g/L)
0.2 g/L) (4.0 g/L)
(P<0.05)
(P>0.05)
CaCOs3
10 Ca**
pH 10 0.1-0.8 g/L
(P>0.05)
0.2 g/L
CaCO; 0.2 g/L
14 -
13F
- 12
11F
E L
= 10}
2 9F
2z 7F
2 8F
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[} 5 -
B
g 3
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Figure 9 Effect of mineral salt on recombinant strain activity

0 A (¢/L) 0.5
20 40 B (gL)02 2.0 4.0 C (¢/L) 0.5
50 100 D (gL)04 40 100 E (g/L) 0.5
50 100 F (gL) 0.01 0.05 02 J

(gL)0.1 05 1.0 H (g/L) 0.003 0.01 0.2.
Note: 0: Blank control group; A: KH,PO4 (g/L) 0.5, 2.0, 4.0; B:
MgSO0,47H,0 (g/L) 0.2, 2.0, 4.0; C: KCI: (g/L) 0.5, 5.0, 10.0; D:
CaCOs (g/L) 0.4, 4.0, 10.0; E: NaCl (g/L) 0.5, 5.0, 10.0; F:
FeSO47HO (g/L) 0.01, 0.05, 0.2; J: ZnSO47H20 (g/L) 0.1, 0.5,
1.0; H: CuSO47H0 (g/L) 0.003, 0.01, 0.2.
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Figure 10 Effect of CaCO; concentration on recombinant
strain activity and growth
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Figure 11 Effect of inoculum age on recombinant strain
activity and growth
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243 FHREMNEAEEKN-EFMN.

13 ODygo
40 mL 14 14
40 mL 48 h
(P>0.05) 40 mL/250 mL
25 EXREW 84 h
15.60+£0.23 U/mL (5.72+0.10 U/mL)
Lo(3%) 2.7
3 . y
3 Wig
4
4 4
> (
)> >
A3B1C2D2 40.0 g/L
10.0 g/L 30.0 g/L
3% ( ) 50 mL/250 mL
40 : :IOVD(A)O [ Enzyme activity _ ” 40 - 10Dy, .
35H T e i ' 1 35 | 1 I Enzyme activity 114
[ 3 i ) L __ ~
301 £ 30 12 E
5 z 25 1 2
= _ > g : g
8 2[ 3 Q 201 z
Q L 131
15 H o ]
L g 15 o
10H & I £
| 5 10 1 S
5H - 3}
- 5 H
0" : : : 0 i
! f 1,31 1‘y4 30 40 50 60 70 80
mociiafionlichellg) Culture volume (mL)
12 EMEXNEEEE KNI 13 RREMNEHEE KBRS
Figure 12 Effect of inoculation level on recombinant Figure 13 Effect of culture volume on recombinant strain
strain activity and growth activity and growth

*3 EXIBWERSKFRIT

Table 3 Factors and levels of orthogonal test

A B C D
Factor Glucose (g/L) Tryptone: Yeast extract (g/L) Inoculation level (%) Culture volume (mL)
1 20.0 10:30 2 30
2 30.0 20:30 3 50
3 40.0 30:20 4 70
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R4 EXTULERSRESN

Table 4 Results and Range analysis of orthogonal test

Test b ¢ P ‘E.nzyme
activity (U/mL)
1 1 1 1 1 7.70
2 1 2 2 2 7.27
3 1 3 3 3 6.75
4 2 1 2 3 13.92
5 2 2 3 1 12.54
6 2 3 1 2 13.28
7 3 1 3 2 15.24
8 3 2 1 3 14.03
9 3 3 2 1 15.04
ki 7240 12287 11670 11760
ke 13247 11280 12.077 11930
ks 14770 11690 11510  11.567
R 7530 1007 0567  0.363
OF _a_op,, 114
SRt T
30¢ - N Elog
BT / 1s 5
P ool A "z
Su /S 15 ¢
[ 4 £
10F / 14 g
5 Z‘ A 12
0071224 36 48 60 72 84 96 108120132

(h)
B 14 EHEESMEFRFHTHEABRER

Figure 14 Fermentation results of recombinant strain in
optimal conditions
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