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Abstract: To enhance the production of glucose oxidase by recombinant Pichia pastoris, two strategies were developed,
which were namely co-feeding of methanol and sorbitol and co-expressing of the protein disulfide isomerase (PDI) and
Vitreoscialla hemoglobin (VHb). The volumetric activity reached 456 U/mL by using the strain X33/pPIC9k-GOD, in 5
liter fermentator, with the co-feeding of methanol and sorbitol, it was 0.2 fold higher than that only feeding by methanol.
The improved strain was obtained by co-expressing PDI-VHb with GOD. While fermented in a 5 liter fermentator by
feeding methanol and sorbitol, the activity of the improved strain reached 716 U/mL with a yield of 7 400 mg/L total
soluble protein concentration. These results indicated that heterologous protein expression level can be enhanced by
optimizing fermentation condition and co-expression molecular chaperon in Pichia pastoris.
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(Glucose oxidase GOD)

B-D- EC1.1.34
p-D-
[1]
) [1-3]
GOD 138 kDa
70 kDa pH 6.7
30 C Viex 35.71 pmol/min K,
35.74 mmol/L™
GOD
GOD 25 UmL 1145 U/mL
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(Protein disulfide isomerase PDI)
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(Vitreoscialla hemoglobin VHb)

B Wang
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(Alcohol oxidase AOXI)
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X33 Invitrogen
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PDI
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PCR P1 P2
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Table 1 PCR primers of molecular

Primer name Primer sequence (5'-3")

CTATTTCGAAACGATGCAATTCAACTGGGATA
TTAAAACTG
ATAAGAATGCGGCCGCTAAAGCTCGTCGTGA
GCGTCTGCCTC
GTTTGTGCGGATCGCTTCGGTATGATAAGATC
TAACATCCAAAGACGAAAG
TTGATTCTTCGATGTCGGCTCTTCCTATGATCC
GCACAAACGAAGGTCTC

P1

P2

P3

P4
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pPICZ pPICZ-PDI

pPICZ-VHb E. coli T1
pPICZ-VHb P3 P4
AOX VHb
BspQ I pPICZ-PDI
Gibson

pPICZ-PDI-VHb E.coli T1
1.2.2

3 pPICZ-PDI

pPICZ-VHb pPICZ-PDI-VHb Sfo I
X33/pPIC9k-GOD X33/pPIC9k-

GOD/pPICZ-VHb  X33/pPIC9k-GOD/pPICZ-PDI

X33/pPIC9k-GOD/pPICZ-PDI-VHb

250 pg/mL G418 50 pg/mL Zeocin  YPD

123 SDS-PAGE
[15]
X33/pPIC9k-GOD PDI VHb
PDI-VHb  X33/pPIC9k-GOD
1.24 GOD
GOD [16]
1 37°C pHS5.0
1 min 1 pmol 1 pmol
H202

1.2.5 Bradford
[17]
GOD
[15]
18.15 mL/(h'L)

126 5L

1.2% (VIV) PTML  50% (W/V) ODsoo
150-200 0.52h
5 g/(h'L) 1.2% (VIV) PTM1  100%
(28%) pH 6.0
20 1 (WW )
10%

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

2 HERGAH
21 $EIKTEATS FEIERT GOD FisZM
X33/pPIC9%k—GOD
X33/pPIC9k-GOD/pPICZ-

PDI X33/pPICOk-GOD/pPICZ-VHb  X33/pPIC9k-
GOD/pPICZ-PDI-VHb (1)
13 U/mL VHb GOD
18 U/mL PDI GOD

29 U/mL VHb PDI GOD
33UML( 2) 3
PDI-VHb

pUC origin
CYCI transcription AOX1 promoter
terminator
Zeo(R)
EM?7 promoter
TEF pPICZ-PDI-VHb PDI
7 425 bp
26s /
Sap 1 (4 739) /\ L
3'AOX terminator 3'AOX termin
VHb AOX1 promoter

1 [Fhi pPICZ-PDI-VHb Bl
Fig. 1  Schematic map of the recombinant plasmid
pPICZ-PDI-VHb.

o L1}

2 HFIXSFHEI GOD BEFEFMm

Fig. 2 Analysis of the GOD activity by co-expression
chaperone after shake-flask induction for 96 h. 1: P. pastoris
X33/pPIC9k-GOD; 2: P. pastoris X33/pPIC9k-GOD/pPICZ-
PDI; 3: P. pastoris X33/pPIC9k-GOD/pPICZ-VHb; 4:
P. pastoris X33/pPIC9k-GOD/pPICZ-PDI-VHb.
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B3 SDS-PAGE ##fi4F#1Ex GOD :?ELE'JEf

Fig.3 SDS-PAGE analysis of the molecular chaperone
effect on recombinant protein GOD after shake-flask
induction for 96 h. M: protein marker; 1: P. pastoris
X33/pPIC9k-GOD; 2: P. pastoris X33/pPIC9k-GOD/pPICZ-
PDI; 3: P. pastoris X33/pPIC9k-GOD/pPICZ-VHb; 4:
P. pastoris X33/pPIC9k-GOD/pPICZ-PDI-VHb.

2.2 5L %kEEfERIZ GOD

221 / GOD
X33/pPIC9k-GOD
/
5L SDS-PAGE
( 4 / GOD

384 U/mL (5 B)
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2l o
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B4 TEEAES L ZEET GOD BIZkix
Fig. 4 The results of expression of GOD by different strains
in a 5 L bioreactor. (A) P. pastoris X33/pPIC9k-GOD. (B)
Methnol/sorbitol co-feeding of P. pastoris X33/pPIC9k-GOD.
(C) P. pastoris X33/pPIC9k-GOD/pPICZ-PDI-VHb.
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_—e—X33/pPIC9k-GOD/methnol/sorbitol co-feeding
450 | —~—X33/pPIC9k-GOD/pPICZ-PDI-VHb

400 F
350

D 600
)
(=3
(=]

T

250 F
200
150

20 40 60 80 100 120 140
t(h)
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Fig. 5 Analysis of the biomass (A) and enzyme activity (B)
of P. pastoris X33/pPIC9k-GOD, methnol/sorbitol co-feeding
of P. pastoris X33/pPIC9k-GOD and P. pastoris X33/
pPIC9k-GOD/Ppicz-PDI-VHb in a 5 L bioreactor after
induction for 132 h.
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