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Abstract: To alleviae the dissolved oxygen (DO) limitation and improve Candida antarctica lipase B (CALB) production during
high-cell density fermentation, the CALB gene and Vitreoscilla hemoglobin (VHb) gene vgb were co-expressed in Pichiapastoris under the
AOX1 and YPT promater control, respectively. In addition, to detect the effect of signal peptide, GFP was expressed on the surface of peroxide,
while RFP was expressed inthe peroxide matrix. Finally, GFP or RFP was replaced by VHb protein to find out the impaction of the different
positions. SDS-PAGE and Western Blot analysis results indicated that VVHb and CALB were successfully co-expressed in recombinant strains.
Compared with the control strain, expression of CALB in GS115/ExXVHb and GS115/VHbSKL under oxygen limitation was improved by
27.57% and 20.52%, respectively. Therefore, expression of VHb in P. pastoris is an effective strategy toimprove CALB production.
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Table 1 Primers used in this study (Restriction enzyme cutting sites are marked by underline)

Primers Sequences (5'-3") Size  Restriction site
YPT-F AGCAGATCTCCAACCAGGTGTTTTGATTC 29 Bgl Il
YPT-R TACGAATTCTATTATCTCTGTGTGTATGTG 30 EcoR |
CGITCGAAGGATCCAAACGATGAAATCCACAAAGAGAA
Ex-eGFP-F 43 BamH |
ACACTTTTTTTGGCTTGGCAGCCCTTGG
ExeGEP-R AGCTCCTCGCCCTTGCTCACGTAAACAGAGTACCCCA 3
x-eGFP-
GTCCTAGTIGCCCCAAGGGCTGCCAAGCCAAA
eGFP-F GTGAGCAAGGGCGAGGAGCTGTT 23
CCGAATTCTTAAGCGTAATCTGGAACATCGTATGGGTA
eGFP-R 58 EcoR |
CTTGTACAGCTCGTCCATGC
MRFP-SKL-F AAGAGAATTCATGGCCTCCTCCGAGGACGTCATCAA 36 EcoR |
mRFP-SKL-R TAATCTCGAGTTACAGCTTAGAGGCGCCGGTGGAGTGG 38 Xho |
VHb-SKL-F CCAGGAATTCATGTTAGACCAGCAAACCATTAAC 34 EcoR |
CAGTCTCGAGTTACAGCTTAGACTTATCGTCGTCAT
VHb-SKL-R 66 Xho |
CCTTGTAATCTTCAACCGCTTGAGCGTACA
CGGAATTCATGAAATCCACAAAGAGAAACACTTTTTTTG
Ex-VHb-F 55 EcoR |
GCTTGGCAGCCCTTGG
ExVHb-R TTAATGGTTTGCTGGTCTAAGTAAACAGAGTACCCCAGTCCT 68
X. -
AGTGCCCCAAGGGCTGCCAAGCCAAA
VVHb-F ATGTTAGACCAGCAAACCATTAACA 25
CAGGCTCGAGTTACTTATCGTCGTCATCCTTGTAATCTTCAAC
VHb-R - 59 Xho |
CGCTTGAGCGTACAAA
RT-TUB-F GGTAGACAATGAGGCTATT 19
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RT-TUB-R GTTACTGAAGAGACGACTT 19

RT-vgb-F GTTACCATTACCACGACTT 19

RT-vgb -R TTAGGCTGCTCCAAAGAT 18
12 i X EER Y T IRERE IR, 1E pH 8.0 45 CHE T
' N5 min,  FEESRACIIIRS LR, KRR E J) 5L
121 TARKEGHESEL QAW 58 SCH: EATTRBIZMSE T, & 1 708hKiE R
PL5| %) Ex-eGFP-F. Ex-eGFP-R. eGFP-F #lI VIR 2RI T RR IR AR 1 pmol X AHHE R BT

eGFP-R il ES 4 PCR (713 1815 317 M5E fr
TS YIREAR S 5 IKE eGFP RG] Fr
Bto M BRRL A pPICIK £ BamH | F1 EcoR |
WUV e A3 3 A 5ok pGFP. pGFP £ Sac | 2%
YA, HEE A GS115 15 2IH 4 Pk GS115/GFP.
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Fig.1 Construction of express vector
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E: a: pGFP; b: pRFP; c: pExVgb; d: pVgbSKL.
212 mEERARFMLE vhb AR agH3E

YPT JEE T &4 pPICZA 1) AOX Ja3BhT, 3k
B EAF K pYPT. mPTS1 5 vgb i@id 8 PCR 7
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Fig.3 The'standard curve of geneTUB and vgb
%% 2 GS115/ExVHb F1.GS115/VHbSKL By Ct {EFN#2 1K

Table 2 The Ctand copy number of GS 115/ExVHb and GS 115/

VHbS KL
T A GS115/VHbSKL  GS115/ExVHb
1 18.93 18.32
18.72 18.12
Tub % Ct 14
18.64 18.43
Mean 18.77+40.12 18.2940.12
1 19.27 19.12
2 19.23 18.78
vgb 89 Ct15 3 19.29 18.78
Mean 19.26+40.02 18.89+0.16
N # 1.03 1.04

EHL o O E AR (TUB) AR, Kk
U T T 2032 DN 7 EEAH Bk P vgb 2 DRI FRHs D4
P FRAE FRL Tub A vgb JEDRHE IIEU N 1. PLLR
FL s XUbRAE 2R an B 2 Fios. 4 B4R EL GS115/
EXVHb F1 GS115/VHbS KL f#)3& K20, f# ] SYBR v2:
A5 FELH Bk GS115/EXVHD 1 vgb JE 1I#% N
1.04, GS115/VHbSKL 1 vgb FE R 132 D%y 1.03.
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4 SDS-PAGE 4347 CALB 7 EEFREEE P IFRIA
Fig.4 SDS-PAGE analysis of CALB

“E: M:protein marker; 1: GS115/CALB; 2: GS115/VHbSKL;

3: GS115/ExVHb.

Hy 5 41 1 #k GS115/ExVHb . GS115/VHOSKL Fl%f
HE Bk GS115/CALB & 96 h [ K FEBUNFRA o 250
Ja W) EIEVENRES o X REER 13 SDS-PAGE 4317 -
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Fig.5 Western Blot analysis of VHb
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CALB.,
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A B R v
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JRIERE GS115/CALB. 19 E|HE 2H i #k GS115/EXVHD
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o, IR AR BRI Bk R . 5575k FN: 100
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Fig.6 Comparison of cell growth and lipase activity between
GS115/CALB, GS115/VHbS KL and GS 115/ExVHb
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HH B B I 218 5 AN IR, BEAA R i E 44
XPAMRIHZ, MIRA F st e PR .

3.3 AN TRETF BACE I B 41 &5 vgb 2
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HH TR . 2B AR D EE SIkmT
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