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Delivery of recombinant enhanced green fluorescent protein
to Pichia pastoris cell wall directed by a mammalian
nonclassical secretion signal peptide
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Abstract: A mammalian nonclassical secretion sequence derived from mouse Engrailed2 homeoprotein (En2) was used

to direct the secretion of the enhanced green fluorescent protein from Pichia pastoris. This signal peptide conferred the
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transport of enhanced green fluorescent protein into periplasm through an endoplasmic reticulum-golgi independent

pathway, without inducing severe unfolded protein response as compared with Saccharomyces cerevisae ao-factor

preprosequence. This study implies that this mammalian nonclassical signal peptide could be developed as a useful tool for

delivering cargoes to the cell surface of yeast.
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OXOID YNB o-EGFP-T
(Peptone) Sigma SS-EGFP-T
Marker Fermentas PVDF 1.2.2
Bio-Rad 6xHis a-EGFP-T pPICZaA
Abcam HRP IgG EcoR I  Xba I
HRP ECL a-EGFP pPICZaA
Thermo
1.1.3 pPICZoA-EGFP
EcoR I Kpn I
Bio-Rad SS-EGFP pPICZA
Bio-Tek BD
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1.2 A& :
121 EGFP Sacl 520 g
EcoR I Xba I 2000V 49 ms X33
EGFP pEGFP-N1 200 pL
Engrailed2 SS Zeocin YPDS
NCBI SS EGrp 30T 3-10d
SS-EGFP PCR YPD Yeast
1 PCR DNA Kit 1
94 C5min 94°C30s 58°C40s 72°C PCR Yeast RNA Kit
2 min 38 72 °C 10 min RNA -80 C
T DH5a

% 1 EGFP R34 1889514 F 5
Table 1 Primers used for EGFP amplification

Primer name

Primer sequence (5'-3")

o-EGFP forward
o-EGFP reverse
SS-EGFP forward

SS-EGFP reverse

GAATTC GTGAGCAAGGGCGAGGA

TCTAGA GCCTTGTACAGCTCGTCCA

GAATTCATGGCACAGGAGCTCAGCCTGAACGAGTCTCAGGTGAGCAAGGGCGAGGA

GGTACCCTTGTACAGCTCGTCCATGC

The underlined sequences correspond to the ECOR [ restriction site in a-EGFP forward, the Xba [ site in a-EGFP reverse,
and SS sequences in SS-EGFP forward, the Kpn [ site in SS-EGFP reverse.
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1.2.3
SS-EGFP  o-EGFP
3 25 mL BMGY
100 mL 28-30 'C 275 r/min
ODgpp=2—6 2 000xg 5 min
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1L
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1% 24 h
I mL 1.5 mL EP -80 C
24 48 72 96 120h
3 Western
blotting
1.2.4
1 500xg
5 min
PBS 3 1 500xg 5 min
0.1 mol/L K5PO, 1 mol/L
2.5 mg/mL 1 mg/mL
37°C 1h 700%g 1 min
1.2.5
SDS-PAGE
EGFP
SDS-PAGE
Smin 15V 50 min
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PDVF 3% BSA
1 1 000 6xHis 2 h TBST
3 1 3000 HRP l1h
TBST 3 ECL
5
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(Bio-Tek ) 485 nm/528 nm
( / )
1.2.6
RNA
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480 SS-EGFP  a-EGFP
2
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Table 2 Primers used for qPCR detection

Primer name

Primer sequence (5'-3")

MET2 forward CGTTCTCGCAACTCTTTCGAA
MET2 reverse CAATGGCATCAGTTATGACGGAAG
KAR2 forward CACTTGGGTGGTGAGGACTT
KAR2 reverse GGCCTTTTCGACCTCTCTCT

PDI forward ~GCCGTTAAATTCGGTAAGCA

PDI reverse TCAGCTCGGTCACATCTTTG
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Fig. 1 A schematic diagram of pPICZA-SS-EGFP (A) and pPICZaA-EGFP (B) expression vectors.
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Fig. 2 The phenotype identification of transformants using PCR. 1-2: wild yeast control; 3: transform pPICZaA; 4:
transform pPICZA; M: DNA marker; 5-11: transform pPICZA-SS-EGFP expression vector; 12—17: transform

pPICZaA-EGFP expression vector.
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Fig. 3 Detection of the recombinant EGFP in culture
medium. SDS-PAGE (A) and Western blotting (B)
analysis of the secretion of recombinant EGFP into the
culture medium on the third day after methanol
induction, under the direction of the o-factor
preprosequence (a-EGFP transformants) or the
secretion sequence of mouse Engrailed2 homeoprotein
(SS-EGFP transformants). A time course measuring of
EGFP fluorescence intensity (C) in supernatant ether

from o-EGFP transformants or SS-EGFP transformants.

Tansformants with empty vectors pPICZA and
pPICZoA were expressed as negative controls. The
value is presented as X +S (n=3).
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Fig. 4 Western blotting analysis of the EGFP from
yeast cell wall extraction 96 h (A) or 120 h (B) after
methanol induction. a-EGFP and SS-EGFP stand for
transformants with the a-factor preprosequence and the
secretion sequence of mouse Engrailed2 homeoprotein
directed EGFP respectively. For each type of
transformants, three strains were randomly selected for
analysis. Transformants with empty vector pPICZA
was expressed as negative control, and a commercial
recombinant GFP was loaded as positive control.
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Fig. 5 Western blotting (A) analysis and flow cytometry (B, C) analysis of the intracellular EGFP expression level
of 0-EGFP and SS-EGFP transformants. Culture medium of a-EGFP transformants was used as positive control in the
Western blotting analysis. The value in flow cytometry analysis is presented as X £S (n=3).
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Fig. 6 Fluorescence microscope observation of the
culture of o-EGFP transformants (A) and SS-EGFP
transformants (B), and subcellular localization of
EGFP in o-EGFP transformants (C) and SS-EGFP
transformants (D) wusing confocal laser scanning
microscopy. Scale bar=100 pm in (A) and (B) and
Scale bar=5 pm in (C) and (D).
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Fig. 7 Quantification of the expression levels of
UPR-related gene PDI and KAR2 in o-EGFP
transformants and SS-EGFP transformants. The
expression levels of tested genes were normalized
relative to the internal reference gene MET2. Each
gPCR analysis was repeated in triplicate. The value is
presented as the X +S (n=3). P<0.05 was used as the
level of significance.
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