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Codon optimization of feruloyl esterase gene of Aspergillus niger
and its high expression in Pichia pastoris
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Abstract: [Objective] Gene cloning and codon optimization of the feruloyl esterase from Aspergillus
niger (AnfaeA) for its inducible expression in Pichia pastoris X-33. [Methods] The AnfaeA gene was
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amplified by overlap extension PCR using the genome of A. niger as template. At the same time, the
AnfaeA gene was optimized by ‘one amino acid one codon’ and ‘codon randomization’ and then
synthesized. The three kinds of ferulic acid esterase gene were cloned into the expression vector
pPICZoA, respectively, obtaining the recombinant expression vectors pPICZaA-AnfacA,
pPICZaA-opAnfaeA I and pPICZaA-opAnfFaeA II. The plasmids were then linearized by Sac 1, and
transformed into P. pastoris X-33. The positive transformants of each gene type were identified by
PCR, and further screened by determination of feruloyl esterase activity in fermentations using high
performance liquid chromatography (HPLC). [Results] The feruloyl esterase activity of FaeA-ori,
FaeA-opt I and FaeA-opt II were 6.8+0.1 U/mL, 5.24+0.1 U/mL, and 39.9+0.1 U/mL, respectively. By
‘codon randomization’ optimization, the activity of recombinant enzyme was 6 times higher than that
coded by original AnfaeA gene. However, the feruloyl esterase coded by ‘one amino acid one codon’
optimized gene was only 76.5% of the original enzyme. The optimal temperature and pH for
recombinant AnfaeA (reAnfaeA) was 50 °C and 5.5 respectively In addition, reAnfacA showed

stability when incubated in 45-50 °C and pH 4.5-7.0. [Conclusions] By ‘codon randomization’
optimization, the resultant recombinant feruloyl esterase expressed in P. pastoris X-33 was 6 times
higher than that coded by original AnfaeA, reaching the highest activity among existed recombinant
feruloyl esterase until now. The results provided large-scale application potential of feruloyl esterase in
industrial, and laid the experimental foundation for the further improvement the enzyme activity.
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(A. niger) (A. oryzae) (A. awamori)
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L1 ##
2001  Juge 1.1.1  EHRFASRARL: (Aspergillus niger) CBS
513.88 (Escherichia coli) IM109
300 mg/L!"" X-33 pPICZaA
GS115 pMD19-T Simple Vector TaKaRa

16.6 U/mL!Y
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.12 FERF . NFEREFE: PCR ) F1 R2
Sangon PCR DNA PCR 60 s
Marker Marker (Zeocin) 1
TaKaRa PCR pMDI19-T
Sigma IM109
AKTA avant25  pMD19-AnfacA W) TREA IR F]
HisTrap™ excel (1 mL)
GE Healthcare Agilent 1260
Mastercycler pro PCR
Eppendorf YPD BMGY BMMY G+C% CAI-
Invitrogen
2% 300 puL 10% “ ”(http://www.jcat.de/)
( ) . " 2
12 F3% "
121 EHEMRBEEREEERNTERERMRK EYTREA
B PR 2 ] pMD19-T
(GenBank Y09330.2) Signal P3.0 pMD19-opAnfacAl  pMDI19-opAnfaeA Il
PCR (D 1.2.2  PUEREGEEEGHY BN E . Zhang !
CTAB M DNA
1 (F1/R1 F2/R2) 900 uL (1 mmol/L pH 6.0
1 2 PCR 95°C ) 1.5 mL EP 50 °C
4min 95°C15s 52°C15s 72°C30s 30 5 min 100 pL
72 °C 10 min PCR 1 10 min 400 uL (
2 1 2 (1:1 0.22 pum)

F1 ZWARARMSIY. FIIREBYIGIS

Table 1 Primers used in this study

Primer Sequence (5'—3") Restriction site
F1 CGGAATTCGCCTCCACGCAAGGCATCTC EcoR 1
R1 CTATGGCCTGTCACGGTAAGC None
F2 CGCTTACCGTGACAGGCCATAGTCTGGGAGCGTCGATGGC None
R2 ATAAGAATGCGGCCGCTTACCAAGTACAAGCTCCGC Not 1
Opt I-F CGGAATTCGCCTCAACACAAGGTATCAG EcoR 1
Opt I-R ATAAGAATGCGGCCGCCCAAGTACAAGCGCCACTTG Not 1
Opt II-F CGGAATTCGCTTCTACTCAAGGTATTTCTG EcoR 1
Opt II-R ATAAGAATGCGGCCGCCCAAGTACAAGCACCACTAG Not 1

Note: The underlined are restriction enzyme cutting sites.
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Table 2 The optimal codon list in P. pastoris
Am_ino Codon Optimal E Am_ino Codon Optimal E Am.ino Codon Optimal E Am.ino Codon Optimal
acid codon | acid codon | acid codon | acid codon
Phe TTT * i\ Ser TCT * i Tyr TAT i Cys TGT *
TTC i TCC ; TAC % ; TGC
Leu TTA : TCA ! His CAT | Arg CGT
TTG * TCG : CAC * : CGC
CTT AGT ! Gln  CAA * : CGA
CTC AGC CAG CGG
CTA { Pro CCT | Asn  AAT AGA *
CTG cce AAC c AGG
Ile ATT * CCA * | Lys  AAA | Gly  GGT *
ATC CCG AAG . GGC
ATA | Thr  ACT * | Asp  GAT GGA
Val GIT 5 ACC GAC = GGG
GTC ACA | Gl GAA * 1 Al GCT *
GTA ACG GAG GCC
GTG GCA
s s s
%
Note: *: Optimal codon.
(7l PCR 12.1
400 pL )
1 pmol 30 °C 1h
1
8]
123 EFREBESEERERAMEERAMEL
T BY 1 I pMD19-AnfacA
pMD19-opAnfacAl pMDI19-opAnfacAIl EcoR 1 124 F=/EMERELASEEAYZE (L !
Not 1 pPICZoA X-33
IM109 pPICZaA His
PCR (Ni)
pPICZaA-AnfacA “ ? ( 0.22 pm) HisTrap™ excel
pPICZoA-opAnfacA I ”
pPICZaA-opAnfacA II 3 Sac 1 10 mL SDS-PAGE
X-33
Zeocin YPD 30 °C 3-5d 1.2.5 EHMERERESESFFIEM R pH pH
PCR ( Opt I-F/R  Opt II-F/R 122
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pH (pH 3.0-7.0) -

(50 mmol/L)
pH
pH (pH 3.0-7.5) -
(50 mmol/L) 100 uL. 35°C lh
pH
1.2.2
(30-75 °C)
5 min
40 50 60 °C 10—60 min
EDTA
(Na" K'
Ca’™ Fe’™ Mg®™ Co™™ Mn* Zn*) EDTA(
2.0 mmol/L) 35°C 1h
50°C 5 min
EDTA 35 °C 1h
( 100%) EDTA
2 GiR5ah

21 EHEMREREHREETEMERMLL
R&ERK

DNA
PCR (
) 750 bp
() 780 bp
NCBI (GenBank Y09330.2)
BLAST 99.64%
(http://www.kazusa.
or.jp/codon)

( 15%) CCG(Pro) GCG
(Ala) CTC(Leu) TCG/AGC(Ser) ACG(Thr)
CGG/C(Arg)

2-6

AnfaeA G+C% 54.4%
« ”(AnfaeAd-opt 1) “
”(Anfaed-opt 1I) G+C% 45.1%
40.9% CAI- 0.51 0.91
G+C% CAI-
(CAI  0.8-1.0
) 3 ()
pMD19-T IM109
2.2 EEFAHRBIEE R BT RITEE
3 EcoR1 Notl
pPICZaA
AOXI1 pPICZaA-AnfacA ( 3A)
pPICZaA-opAnfacA I  pPICZaA-opAnfacA 11
Sac 1
X-33
PCR
3d
( 3B
5
FaeA-ori FaeA-optl FaeA-optll

B 1 AnfaeA EFE HITHAE1E B KA

Figure 1 Agarose gel electrophoresis of AnfaeA
M DNA marker 1-2 PCR

Note: M: DNA marker; 1-2: PCR products of AnfaeA.
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FaeA-ori
FaeA-opt-I
FaeA-opt-11

FaecA-ori  CC |

FaeA-opt-I TC CENIC
FaeA-opt-11 T C
FaeA-ori ClerlC CAGC eI ]
FaeA-opt-1 ] LTCC [ Tie T T
FaeA-opt-11 TLG CGTGG
FaeA-ori |
FaeA-opt-1
FaeA-opt-11

= DRERRRERRREE BERRRARRAREE

FaeA-ori
FacA-opt-] |3
FaeA-opt-11 B

FaeA-ori GCeC LG | CpgC
FaeA-opt-1 TAELTC C
FaeA-opt-11 [S8ACIETAG |

EEEERE B R

160
160
160

240
240
240

320
320
320

TacTC 400
CTCCT 400
CAGTC 400

Clefily 480
480

L 480

G.h e C 88T CLeihelnl C 560
L TAG 560

FaeA-ori CC) C CEFAC] | 640
FaeA-opt-1 T ChlsicC 640
FaeA-opt-1l TC C C C 640
FaeA-ori FXelei s T TG ATCCHT AlWel GO c S TGYLC TGGEGLTG 720
FaeA-opt-I PG TTGATCCHT ANgYS AC GATG 720
FaeA-opt-II PLEGTTGATCC CAG C ACTGGINGATG 720
FaeA-ori Ga 779
FaeA-opt-1 779
FaeA-opt-11 C 779
2 ERMILAETE Anfaed EEBIIZEERFS
Figure 2 Alignment of nucleotide of the optimized and original AnfaeA genes
Note: Characters with shadow are the same nucleotides, and others are different ones.
2.3 EAMREREEEA L REE P RIRIE 2.4 EAMERBLEREEAYLE 1L & SDS-PAGE 53 #ff
1% HisTrap™ excel SDS-PAGE
FacA-ori FaeA-optl FaeA-optll 12h 33 kD ( 5
4 (28 kD) pPICZaA/
45d FaeA-ori 6.8 U/mL X-33
“ ? FaeA-opt 11 5.2 U/mL pPICZaA
76.5% ¢ 7 FaeA-opt pPICZaA His c-myc
I 39.9 U/mL 6
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Sac 1

pPICZaA-AnfacA
Zeo (R)

3-AOX 1 (TT) 6xHis
Myc-apitope

5-A0X 1

B3 FEHK pPICZoA-AnfacA 132 EliE(A)FIMTEREL 2 B T AL AL NEE(B)
Figure 3 pPICZaA-AnfaeA plasmid map (A) and the feruloyl esterase assay of P. pastoris transformants (B)

45 ¢

36
z
= 27 L
2 —— FacA-opt 1
‘? 181 —+— FaeA-ori
5 —— FaeA-opt 11
<

9 L

0 ‘.—M .

£(d)
B4 3 HELEFFSLES T WIRREL

Figure 4 Fermentation and secretion
recombinant AnfaeA from yeast

curve of

5 reAnfaeA 5B 4L{LHY SDS-PAGE Ei%
Figure 5 SDS-PAGE analysis of reAnfaeA
M Marker 1 2
( pPICZaA/X-33) 3

Note: M: Standard protein marker; 1: Fermentation supernatant of
recombinant strain; 2: pPICZaA/X-33; 3: Purification of reAnfaeA.

2.5 kD NetNGlyc 1.0 Server
(http://www.cbs.dtu.dk/services/NetNGlyc/)

79-82  (Asn-Tyr-Thr-Leu) N-
N- 2 kD
5kD
2.5 EHAMIREEEEAEEFREMR
6 45-60 °C
50 °C
(37 °O) (45~
60 °C
45-50 °C
50°C 2h 50% 55°C
1h 20%
7 pH 4.0-6.0
pH 55
[19] [20] pH
pH 4.5-7.0
(pH 3.0-3.5) 35 °C
1h
EDTA
8
EDTA
85% Na~ K° Ca®" Mg Zn*
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Figure 6 Effects of temperature on the activity of recombinant feruloyl esterase and the stability of recombinant
feruloyl esterase
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Figure 7 Effects of pH on the activity and stability of
recombinant feruloyl esterase
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activity of the reAnfaeA
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