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TCGTCGTGAGCGTC-3" (Jlv, FHIZk A Not I
fi7 )M Pichia pastoris X33 (Invitrogen) & K 24
DNA ¥ 3ok . §7 3519 PDI Fr Bk SnaB I/Not |
(TaKaRa) fiff V] J5 5 2k 1& pPIC3.5K 4%, iyt
pPIC3.5K-PDI EEA #HfAk . ¥ & A cC gt LA 1
A ZAK pT-cC (FTHIAE) A Xho I/Xba | (Thermo
Fisher) if Y] J5 5 #% /& pPICZaA & 3, 7k
PPICZaA-cC L 444 . i ) L 2 FLKs Sac | &Pk
L1 ik pPICZaA-cC AL B 5 AR i B GS115 4

Madp, JEFES A 100 ug/mL Zeocin (Invitrogen) i
YPDS VAR (1%BEREE Y, 2% R, 2% %)
B, 1 mol/L ILFLEEFN 2%3 g A3 Fh i e B 4H 1~ .
[ F, SR FH )RR 7 Wl £k M1k pPI1C3.5K-PDI
WAL ) B R e RE GS115 4A i, 3178 MD SEAR
FRERRE AT, BRI BRI Y P M A
B & Mut® (EasySelect™ Pichia kit &),

1.4 EHERBSH

WAE YPM BERE5S 72 h (R4 T
4 °C 12000 r/min &.> 30 min J5Uc4E g RN i
SN R b o I T RE AR 1 B4 BT (TaKaRa)
T B 240 i v B SO P9 2R R it o ZE AR MESR T
FH 15% SDS 5 A 4 Tt frie B 11 1B Uk (PAGE) Al ¢C
H 1, ] 12% PAGE WLELAL N PDI 4K R IK 15 DL .
W EERE % S 2 i R B 155l SRR L
%] PVDF fE(Millipore) b E4 785 F 5 BN 28 43 #r o
1:2000 #FEEERY PDI — 3t (ABclonal) Ff - 46
PDI, 1:2000 # BB cC —HL(A H)KM cC. —
T A 1:5000 i Bk B ) HRP-conjugated Goat
Anti-Rabbit 1gG . f#i Fj Image J #f4:43# PVDF fi
g4, 8 Graphpad Prism 5.0 b3 AE %,
5 -

1.5 Total RNA F & il Aas

UWERE A K 2 ODeggo=2.5, 4bTF x4 K1)
i, R PEERE RNA $EGA 5 & Yeast RNAIso Kit
(TaKaRa) e AF Ui B HE B EE LR Total RNA,

1.6 @& RNA-Seq Il %

{ii Fil NanoDrop 2000 jill#& RNA k%, ZJ5
1w i Agilent Bioanalyzer 2100 &4t RNA Nano
6000 i & A RNA 528k, J5 kT
ST FE (R SCPE I 28 o ARE) ZULEH , 4 ORI

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



3318

Tingting Niu et al. | Acta Microbiologica Sinica, 2021, 61(10)

#WAE Ilumina Hiseq Xten “F-& Fill, /74
P X A i R . S G AT L v A MR
A BRA A HRAE
1.7 ZEETRAER gRT-PCR

FEERHUY B RNA VERRAR , i FH S e sk
#| £ (RT Master Mix, TaKaRa) & il 45 — 4% 46
cDNA, ERERMEA B Sl il B ik . %
B8 fE IR £ (SYBR Premix Ex Tag IT)1t
B EZOLE & PCRAKR IR S, IF HAK Y
(AR T 26 5 T PCR B BRS04, MEA 79665
it PCR L5,

2 BRFPAT

2.1 GS115HFREERF#k PDIid RIER GBS

EA SCHERIRE , e T B MIE H S8 AT
BAAEM D THAB T, PDI Byad ik nl LLsg ke
TRIEERE A I AN R s B e, /AT
AT T e 35 PDI Y J vk e B i AN IR VE ¥y A 2R
[l cC A& . N T @ HFRB WAL cC 11
PDI o SRR EERL MK , AT ek $% pPIC3.5K fE
WA FRIREAH TN FRE PDI, Mg 7%
ik PDI [ H 2H e R I BE i bk GS115-PDI, SR )5 ik
¢ pPICZaA #ARFEFT cC (IS M6 3K 11 23K,
T Rl Ik PDI CRAS T By E 41 58 IR B B B bk
GS115-PDI-cC.

2.2 PDI S RER M THMNEEMHEH cC
Rk

W TR A AL S 2 T (AOX1) % s S, Al
FH BT 5 5 AOXL 34 45 1) A MG B 1 s L R 1)
Feik, I 5 e g B A AN 5 5 5 PDITE

actamicro@im.ac.cn

BT FRBEO, 2R 1, Rk
R PDI 2R 1A 3 o i 2 T X IR B R

TR T PDI it 3k iy B AR B B A Pk .

RJG, A SDS-PAGE J5 k0T 144
o v L PR L D B 1 A SRR B0 L R A P R
SME BRI 2). R, fi A R
2 BV 30 VR RGN B A TR AR KA Y cC R, 4
RFH, 123k PDI LAk Iy AN cC 11
FIREWEWIN, JFHIEN cC ZRIAWL W] Y
(& 3). LA EZ5HERM], PDI il ik i 21
T e SR R: GS115 AMETE M FEEE T cC R
k.

(A) -
201

* %k

Fold change
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1. Western blotting 3 iE 5 77 E £ GS115 & PDI
B FRIEKTFE

Figure 1. Western blotting verifies the expression
level of PDI in Pichia pastoris GS115. +: the plasmid
carrying PDI gene is transformed into Pichia pastoris
GS115 and the PDI protein is successfully
overexpressed; —: the PDI gene is not overexpressed in
Pichia pastoris GS115. The abscissa of the Figure 1-A
corresponds to the band of every lane in Figure 1-B.
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strain. +: the plasmid carrying this gene is transformed into Pichia pastoris GS115; —: the vector carrying the target
gene is not transfected into Pichia pastoris GS115 relatively. PDI: disulfide bond isomerase; cC: chicken cystatin.
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Figure 3. Western blotting analysis of the
expression of cC protein 72 h after induction. +: the
plasmid carrying this gene is transformed into the host
(Pichia pastoris GS115); —: the target gene is not
transfected into the host strain.
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Figure 4. Heat map of expression level correlation of pairwise samples.
# 1. AEEHRBIAHEEEER
Table 1. Pairwise comparison table of different strains
Group Strains comparison Samples in RNA-seq
Group0(G0) GS115 VS GS115-PDI T1,T2,T3VS T4,75,T6
Groupl(G1) GS115 VS GS115-cC T1,T2,T3VS T7,T8,T9
Group2(G2) GS115 VS GS115-PDI-cC T1,T2,T3VST10,T11,T12
Group3(G3) GS115-PDI VS GS115-PDI-cC T4,T5,T6 VS T10,T11,T12
Group4(G4) GS115-cC VS GS115-PDI-cC T7,T8,T9 VS T10,T11,T12
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Differentially expressed genes (DEG) Venn diagram of different strains comparison group.

Figure 5.
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%2 HBESEARMERNENSREEERGIELMN DEG
Table 2. Select DEG related to protein folding and endoplasmic reticulum quality management system

Gene ID Gene name GenBank Regulation = KEGG pathway annotation
Gene 263 PAS_chr1-3_0261 XM_002489561.1 Up Endocytosis (ko04144)
Gene 3092 PAS_chr3_1165 XM_002492390.1 Up Endocytosis (ko04144)
Gene 3874 PAS_chr3_0974 XM_002493172.1 Up Endocytosis (ko04144)
Gene 3122 PAS_chr3_0249 XM_002492420.1 Up Protein processing in endoplasmic reticulum (ko04141)
Gene 4006 PAS_chr3_1104 XM_002493304.1 Up Protein processing in endoplasmic reticulum (ko04141)
Gene 463 PAS_chrl-1_0160 XM_002489761.1 Down Protein processing in endoplasmic reticulum (ko04141)
Gene 160 PAS_chr1-3 0161 XM_002489458.1 Up SNARE interactions in vesicular transport (ko04130)
Gene 3814 PAS_chr3_1238 XM_002493112.1 Up SNARE interactions in vesicular transport (ko04130)

25 ZEFENKFERLIE

A gRT-PCR By 7 %1 3% 2 Hh %) DEG
PEAT PR BRAIE , IF 523X #6578 43 F /K F E 26
LT AR A B R B AR I AL . R 3 80 H H iy
SR YA . anE 7-A B, 18 N A G
KE[H (PAS_chr1-3_0261, PAS_chr3_1165, PAS_
chr3_0974)#4 E . & 7-B B DRE R S JE A

(PAS_chr3_0249) 12 5 N Jit (W &5 11 fin T2 (1) 3
(PAS_chr3_1104) I, M qRT-PCR %5 Al 41,
X 5FATFR 4 1) RNA-seq 25 R —3 . Hik, &
I — WA F KT LR UE T 25 5% Fak 3L R 1
ARG B0 o FRATTIA g Xof 2 5 3R 3k R IR ) POk 2
SRR TR SO BOE , S 2 R R
HA—E MM, o LAEE— 2087,

#z 3. HEBSIMFT
Table 3.  Gene primer sequence
Gene ID Gene name GenBank Sequences of primer
Gene 263 PAS chrl-3 0261 XM_002489561.1 F: GGTAGAGGGGCAAGAACATGAG
R: TGGGCTGAGTAGCAGATGGTG
Gene 3092 PAS_chr3_1165 XM_002492390.1 F: ATCGGTTTCGTCACTGTTTCTC
R: ACTGGATTTCACTGGCTTGTTC
Gene 3874 PAS_chr3_0974 XM_002493172.1 F: GGAGAAGGGTGGTAATGAACG
R: GAGACTGTCCCGAATGGTCAG
Gene 3122 PAS_chr3_0249 XM_002492420.1 F: TTCGCCCTCCTGAACTGATAG
R: CCTGGGGAACTACGGTCTTG
Gene 4006 PAS_chr3_1104 XM_002493304.1 F: GACCAATCGTCGTTTAGAGCTAC
R: CTGCATTCTGTCTTGTCGTCC
Gene 463 PAS_chr1-1_0160 XM_002489761.1 F: AGTTTTATGCCGATTGGTGTTC
R: TGAGTATTTGTTAGCATCAATGGC
Gene 160 PAS_chr1-3_0161 XM_002489458.1 F: TAGAATCGCAAAATGAGGACG
R: TTTCTTAGCCATTACCATCATCC
Gene 3814 PAS_chr3_1238 XM_002493112.1 F: GGCGAACCTACCCTCATAACAC
R

:TGGCTTCATTTCTATTGCATCTC

http://journals.im.ac.cn/actamicrocn
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Relative fluorescence quantitative histogram of key differential genes. The control group is the

GS115-cC strain. The overexpression group represents the GS115-PDI-cC strain.
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Table 4. Comparison of RNA-Seq and qRT-PCR results of key differential genes

GeneID  Gene name Log2FC FDR Regulation é(\i;/r-expression AC{/Control 27*“  Regulation
Gene 263  PAS_chr1-3_0261 1.907035171  2.17E-85 Up -0.657 0.893 2954  Up
Gene 3092 PAS_chr3_1165 1.038464554  2.21E-21 Up -0.107 0.353 1380 Up
Gene 3874 PAS chr3 0974  1.054612732  2.46E-15 Up 1.230 2.000 1.713  Up
Gene 3122 PAS_chr3_0249 1.056165135  1.68E-22 Up -3.257 -2.137 2177 Up
Gene 4006 PAS_chr3_1104 1.032749024  1.48E-99 Up 1.793 3.063 2412 Up
Gene 463  PAS chrl-1 0160 -1.181488455 7.85E-46 Down 0.59 -0.503 0.472  Down
Gene 160  PAS_chrl-3_0161 1.047977247  1.42E-07 Up 1.227 3.273 4138 Up
Gene 3814 PAS_chr3_1238 1.046077293  2.14E-42 Up 1.140 1.743 1522 Up

FC: fold change; FDR: false discovery rate.
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Effect of PDI overexpressing on secretion of exogenous amyloid
protein in Pichia pastoris —take cystatin as an example

Tingting Niu®*, Xuejie Zhou®, Xiaobo Yu, Yisheng Cai, Jing Chen, Rui Wang, Shuang
Fu, Chuang Yi, Jianwei He”

School of Life Sciences, Liaoning University, Shenyang 110036, Liaoning Province, China

Abstract: [Objective] The aim of this study was to investigate the underlying mechanism for the regulation of
protein disulfide isomerase (PDI) in protein folding and expression of exogenous proteins in yeast by co-expression
of yeast PDI and its substrate protein chicken cystatin (cC). RNA-seq was carried out to screen for genes that are
differentially expressed in Pichia pastoris (P. pastoris) and identify the key genes that could affect the expression of
cC. This might provide theoretical support for the mechanistic analysis of high-level expression of exogenous
protein and the construction of high-yield heterologous protein-expression strains. [Methods] PDI coding gene was
transferred into GS115 and GS115 cC strains for the overexpression of PDI. RNA-seq was carried out to study the
transcription of gene differences of two recombinant P. pastoris strains. Combined with the result of KEGG
annotation, the data was analyzed to identify the differentially expressed genes between control and PDI/cC
co-overexpressed cells, the result were verified by gRT-PCR and the functions in protein expression regulation were
also clarified. [Results] The expression of cC was significantly increased in the PDI-overexpressing strain. A total
of 373 differentially expressed genes were screened by RNA-seq analysis. Among them, 122 differentially
expressed genes were assigned to the KEGG biological pathways, including 12 genes annotated into protein
transport and catabolism pathway, 21 genes related to the protein folding sorting and degradation pathway, and
24 genes involved in the protein translation pathway. [Conclusion] Overexpression of PDI in P. pastoris
significantly increased the expression of the heterologous amyloidogenic protein cC. By analyzing the expression
profiles of cC-overexpressed normal P. pastoris cells or PDI-overexpressed strain that co-overexpressed cC, some
of the genes with significant transcriptional changes were preliminarily identified, laying a foundation for the
transformation of yeast strains with high expression of amyloid protein.
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