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Codon optimization of Thermomyces lanuginosus P-xylosidase
Xyl43 and its overexpression in Pichia pastoris
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Abstract: [Objective] We overexpressed B-xylosidase with heterologous expression by constructing
a recombinant Pichia pastoris. [Methods] According to the codon usage frequency of highly
expressed genes in P. pastoris, the Thermomyces lanuginosus p-xylosidase (Xyl43) gene was
optimized and expressed in P. pastoris GS115, followed by characterization of Xyl43. Then, single
factor experiments were used to optimize the fermentation conditions, in a 5-L fermenter. [Results]
The optimized Xy/43 gene changed greatly with 78.17% of the sequence homology, and the GC
content reduced from 52.8% to 44.6% with 222 bases substituted. The optimized gene was
transplanted with an expression vector pPICIK-OptXyl43 into P. pastoris GS115 to produce
transformants. Then, a high xylosidase activity secreting recombinant P. pastoris GS115-Xyl43 was
selected from the transformants on G-418 resistant plates, followed by shake flask cultivation. Basic
enzyme properties of the recombinant xylosidase was analyzed as below: the protein molecular
weight 51.5 kD, the optimal reaction temperature 55 °C, the optimum pH 7.0, and kinetic parameters
K,=2.93 mmol/L and V,,=157.9 pumol/(min-mg). B-xylosidase fermentation was optimized in shake
flask as follows: methanol supply 1% (each 24 h), shaking speed 250 r/min, incubation time 144 h,
incubation temperature 28 °C and initial pH 6.0. Under the optimal condition, the extracellular
enzyme activity reached 42 U/mL with a protein content of 0.54 g/L. Further, in a 5-L fermenter, P.
pastoris GS115-Xyl43 achieved 222.2 U/mL of xylosidase at 156 h (methanol induction for 96 h),
with protein concentration at 2.36 g/L, which was 4.3 fold more than that in the shake-flask
fermentation. [Conclusion] B-xylosidase can be expressed in P. pastoris GS115 with high level
production and can be used as a candidate in various industrial applications.

Keywords: Thermomyces lanuginosus, p-xylosidase, Codon optimization, Fermentation
optimization, Pichia pastoris
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2) PCR PCR
AOX1

(F 5'-CAACGTGAAAAAATTATTATTCGC-3'

R 5-GCAAATGGCATTCTGACATCC-3")
95°C 10min 95°C30s 55°C30s
90 s 30 72 °C 10 min
0.8%
1.6 ARIEEEEHIFSRIA
30 mL YPD
(250 mL ) 30 °C 220 r/min
ODg0o=5.0 2% ( )
50 mL BMMY
220 r/min 24 h
0.5% ( )
17 EAREE. BEREEHSENE
(1) (ODs00)
600 nm
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20 mmol/L - -B-D- (pPNPX)

185 pL 50 mmol/L pH 6.5

5 uL
5uL 50 °C 10 min
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1 V)
3) Bradford ¥
0.4 mL NaCl (0.15mol/L) 0.1 mL
2.5 mL

0.5 mL NacCl (0.15 mol/L)
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1.8 BRERREMMUKL LiERER

6%

(500 mL ) 30 °C
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5L
24h
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(100 190 220 250 r/min)

6%

15L

30 °C pH 6.0

25%

DO 12 mL/(h-L)

50%  ( 12mL/LPTMI) ODeoo

2h

28 °C pH 6.0

DO 25%
12 mL/L PTM1) 6 mL/(h-L)

12h

1.9 AKiEHBESHYZE{LF0 SDS-PAGE 21
144 h

6 000 r/min 5 min 100 mL 0°C

( 60%)
pH 6.5
G-75
1 mL Aago

12% SDS-PAGE
1.10 BEE=MRoHh
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[16]
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(Arg) TCG (Ser) ACG (Thr)

GraphPad Prism 5 Kn  Vinax 11% Xyl43
2 HR5aMh 40%
2.1 AREEEHEEREMNK
mRNA
[18] GC
() 1017 bp 339
GCG (Ala) GTC (Leu) CCG (Pro) CGC 222 78.17%

F1 Xyld3 BRI ZB T ERREER

Table 1 Codon usage of native and optimized Xyl43 gene in P. pastoris

Amino Pichia Kazusa Nat. Xyl43 Opt. Xyl43 . . Pichia Kazusa  Nat. Xyl43  Opt. Xy/43
i Codon ' Amino acid Codon
acid (%) (%) (GO N (%) (%) (%)
Ala GCA 23.4 26.1 0 Pro CCA 41.6 26.7 90.0
GCT 44.8 26.1 78.3 CCT 34.8 20.0 10.0
GCG 6.1 17.4 0 CCG 8.6 36.6 0
GCC 25.7 30.4 21.7 CCC 15.0 16.7 0
Cys TGT 82.0 0 100 Gln CAA 60.9 41.7 91.7
TGC 18.0 100 0 CAG 39.1 58.3 8.3
Asp GAT 58.0 53.3 53.3 Arg AGA 48.0 21.4 85.7
GAC 42.0 46.7 46.7 AGG 15.8 14.3 0
Glu GAA 56.3 47.1 76.5 CGA 10.0 7.1 0
GAG 43.7 52.9 23.5 CGT 16.5 7.1 14.3
Phe TTT 53.9 42.9 14.3 CGG 4.5 7.1 0
TTC 46.1 57.1 85.7 CGC 5.3 43.0 0
Gly GGA 32.7 32.1 3.6 Ser AGT 15.0 9.5 0
GGT 43.6 32.1 96.4 AGC 9.1 23.8 0
GGG 9.9 7.1 0 TCA 18.2 0 0
GGC 13.9 28.6 0 TCT 29.2 4.8 85.7
His CAT 56.5 73.3 53.3 TCG 8.9 38.1 0
CAC 43.5 26.7 46.7 TCC 19.7 23.8 14.3
Ile ATA 18.0 0 0 Thr ACA 24.3 25.0 0
ATT 50.5 58.8 88.2 ACT 39.5 8.4 66.7
ATC 31.5 41.2 11.8 ACG 10.6 333 0
Lys AAA 46.9 37.5 0 ACC 25.6 333 33.3
AAG 53.1 62.5 100 Val GTA 15.5 5.0 0
Leu TTA 16.2 0 0 GTT 42.0 20.0 80.0
TTG 32.7 18.2 95.5 GTG 19.2 50.0 0
CTA 11.1 0 0 GTC 23.3 25.0 20.0
CTT 16.5 40.9 4.5 Tyr TAT 46.9 31.8 0
CTG 15.5 18.2 0 TAC 53.1 68.2 100
CTC 7.9 22.7 0 Stop TAA 50.0 0 100
Trp TGG 100 100 100 TAG 31.2 100 0
Met ATG 100 100 100 TGA 18.8 0 0
Asn AAT 48.5 333 0
AAC 51.5 66.7 100
: Pichia Kazusa http://www.kazusa.or.jp/codon

Note: Pichia Kazusa: The codon usage frequency of P. pastoris, from http://www.kazusa.or.jp/codon.
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13 000 bp
pPIC9K
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7500
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1 FHEH pPICIK-OptXyld3 HIEE1II8F
Figure 1 Analysis of pPICI9K-OptXyl43 digested by
Sac I and EcoR 1/Not 1
M DL15000 marker 1 Sacl
2 EcoR Not1 pPICOK-OptXyl43.

Note: M: DL15000 marker; 1: Digestion of pPICIK-OptXyl43 by
Sac I; 2: Digestion of pPIC9K-OptXyl43 by EcoR 1 and Not L.

pPICI9K-OptXyl43

2.3 EHEEFFEEEAMERTGIE
pPIC9K-OptXyl43  Sac 1
P. pastoris GS115

30°C  MD 72 h
83 6 g/L G418
YPD 72 h
19 P, pastoris GS115
19 PCR AOX1
2
2 200 bp ( AOXI1 )
19
(P. pastoris GS115)
1 500 bp (1017 bp)
AOX1 (Flanking Aox1 492 bp)
pPIC9K-OptXyl43
P. pastoris GS115

B2 &= Xyld3 HHEAY PCR IEHE
Figure 2 PCR amplification analysis of high-yield Xyl43
transformants

M DL5000 marker P
pPIC9K-OptXyl43
Note: M: DL5000 marker; P: P. pastoris GS115; 1-19: Nineteen
pPIC9K-OptXyl43 transformants.

GS115 1-19 19
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Figure 3 Screening of high-yield xylosidase recombinant
P. pastoris at shake flask fermentation
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Figure 4 SDS-PAGE analysis of the ReXyl43 enzyme
before (1) and after (2) the purification.
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Note: M: Protein marker; 1: Crude xylosidase; 2: Purified
xylosidase.

55°C
55°C
60 min 95%
pH 7.0 pH 6.0-9.5
80%
(pH 7.0-9.5 80% )
pH (7]

3.8 U/mg
120 U/mg

pNPX
pNPX (55°C pH7.0)
K

V max 2.93 mmol/L  157.9 pmol/(min-mg)
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Table 2 Comparison of the enzyme property and production of different xylosidases

Recombinant xylosidase basic enzyme properties

Yield

Microorganisms Host Mw Temperature pH K Wi (U/mL) Reference
(kD) (°C) (mmol/L) (pmol/(min-mg))
A. fumigatus = = 70 = = = 45° Lenartovicz®
P. thermophila = = = = = = 3.2° Wang"!
P. thermophila ~ E. coli - - - - - 103.9%/392.5°  Chen™"
P. thermophila  E. coli 523 55 7.0 4.50 90.2 98.0° Teng™?!
C. owensensis E. coli 55.0 75 5.0 1.60 3930.0 - Mi*!
B. subilis E. coli 61.4 35 7.0 - - 0.4* Bankal*"
A. japonicus P.pastoris 1132 70 4.0 0.31 114.0 0.3 Wakiyama®!
P. chrysosporium  P. pastoris 83.0 45 5.0 = = 26.1* Huy™®
H. insolens P. pastoris 83.2 60 6.0 251 37.3 8.1° Xial?”
A. niger P. pastoris 84.5 70 4.0 0.66 = 4.6" Choengpanya'**!
T. lanuginosus E. coli 51.5 55 6.5 3.90 107.6 37.3° Chen!”
T. lanuginosus P. pastoris 51.5 55 7.0 2.93 157.9 42.0%222.2°  This work
Mw T pH pH. a b c - .

Note: Mw: Molecular weight; T: Optimal temperature; pH: Optimum pH. a: Shake-flask level; b: Fermenter level; c: Shake-flask broth
purification level; —: Not show.

[7) ( 5B)
(ReXyl43) pH 1.5%
( 2
1.0%
( 2.5% )
[30]
ReXyl43 P pastoris
GS115-Xyl43 ( 50
28 °C
25 EAER AR L (38.05 U/mL)
( pH =
) 5 ( 5D) 100 r/min
BMMY pH ( 5A) 250 r/min
pH 100 r/min = ODgyy  12.78
pH 6.0 14.46 U/mL ODgoo  29.59 42 U/mL
pH P. pastoris GS115-Xyl43 144 h
BMMY pH 6.0
AOX1 1.0% 28 °C 250 r/min
2] 42 U/mL
pH 6.0 0.54 g/L
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