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Enhancement of Coprinus cinereus peroxidasein Pichia
pastoris by co-expression chaperone PDI and Erol

Fei Chen®, Meirong Hu?, Xianzhang Jiang®, Yong Tao?, and Jianzhong Huang*

1 College of Life Sciences, Fujian Normal University, Fuzhou 350108, Fujian, China
2 Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: The 1 095 bp gene encoding peroxidase from Coprinus cinereus was synthesized and integrated into the
genome of Pichia pastoris with a highly inducible alcohol oxidase. The recombinant CiP (rCiP) fused with the o-mating
factor per-pro leader sequence derived from Saccharomyces cerevisiae was secreted into the culture medium and identified
as the target protein by mass spectrometry, confirming that a C. cinereus peroxidase (CiP) was successfully expressed in P.
pastoris. The endoplasmic reticulum oxidoreductase 1 (Erol) and protein disulfide isomerase (PDI) were co-expressed with
rCiP separately and simultaneously. Compared with the wild type, overexpression of PDI and Erol-PDI increaseed Cip
activity in 2.43 and 2.6 fold and their activity reached 316 U/mL and 340 U/mL respectively. The strains co-expressed with
Erol-PDI was used to high density fermentation, and their activity reached 3 379 U/mL, which was higher than previously

reported of 1 200 U/mL.
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RN . BEARHEEERA RGE R A LU LA
W ME i, SNREAREKEE, TEE
RS, T R RE, A
EA 5 TFaife!™>", BREE R RS D A&
I Sk s Z R EASNEEAS TR
WA (PDI) 1N BT M A AL IR R (Erol)
JUZAFE T EW . Y. shY A N B R
REMS TS B R (143 PDLJE N R & i &
A Z—, WL 3 Fhsny: Afk (bR
FUEBUR B —iisd); 5 (BR K Tai); =il
b G S 5L - A B AS e Bl AR CAFAE Y Cys Bt
X)L e T RE A 5 R R RS 43 LSRR S A
fE, BEWF PDI FE B R LEHR BE T
BCAE A A 3T B A5 A8 1T 43I B I Ah . Erol 7EN
W AR S Y PDL BAEAR S, (RIS Bh R
1B Bede Erol A 40 PN R A RE S8 AL BT
A R T S0 PDI Y 40 i A RE A7 1% . Zhang
S22 VR e B rhol 2 268 PDI (A 2 4T
Bl LT B0 1.5 4755 Wu 2P W Me e 1 vl 4
721K PDI I Erol i A ML AR TR AZE KRR
SR TE 5 LR TR FRA i m 3] 3-4 g/L,

ARz h, AT E S e AR b i R
KIFSr W CiP, ARG 5 4rFHHE & PDI
Ml Erol, #F—4%E CiP M3RiA,
1 #HREFE
11 BERFBAL

KW wEtk T1 WA 20, BEEE
TR X33, FRIFEAL pPIC9k . pPICZaA I
H Invitrogen v w5 HBYIER CiP H g 5t 4 Wi
A . GenBank %5%'5 % XM_001834316, 2
FES I (7 20 MEIEER).
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12 FERFIFLE

Q5 DNA A& ARG UIEG BstB T .
EcoRI . NotI . Mlul . Sacl . BamH I IJ {
NEB Al ; #R marker W 3 BIEH /AR &H
marker A1 T4 DNA %2 # 0 B Fermentas 23 7 ;
ABTS[2,2’-azinobis-(3-ethylbenzthiaoline-6-sulp-
honate)]lJ H Sigma A Fl; R ZE (Zeocin),
G418 g H Invitorgen 25 HAI ¥k B
At BRG] A L e RIsORR & A
H Omega 23 F); PCR U B 4 QB A= PR
AR F] R AR {UE B Bio-Rad A F] 5 &1
HL DK AR A w) s BRI B R REA
wls Sl AL R A T A DNA I Hy Jb st
LIy
13 FH&

W T AR ES I (e Tm ) &Y
HAT
131 BhERABEOHE

CiP A BUTS, Wik 52 EcoR I
H1 Not T BEUIA &, AU 46405 5 R FE XD
(1) pPICOk A 1% 2 , #4) £ 50 P 2444 pPICOK-CIP,
B4V K% AT T Escherichia coli T1 832 2540,
PRI so R EA T PCR %88 FIBGDI 4, SEE
JF TR i AR A5 40 Nl A Rl R 24

MRS FEEE 1 Erol 1 PDI 3 K ¢ 41 3561 5
BAFmREE, S (& 1), @il PCR AR
FAS49 P1 A1 P2, P3 F P4 4351 LA S F I B il 3
[K 20 Jg B AR A 38t Erol 1 PDI JE[R FE 51, 195 3t
Y100 59054 BstB 1 H1 Not T B 5, WU 26
k)5 # Erol F1 PDI ) BLEA Fr B 5 43 ) IR A 0L
PI pPICZ K%, 8w b ik
pPICZ-ERO1 #1 pPICZ-PDI, ¥4k E. coli T1 Jg&
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x1 HFHEEREPCRE5IM5I%
Tablel PCR primersof molecular chaperone

Primer name Primer sequence (5'-3")

CTATTTCGAAACGATGAGGATAGT

AAGGAGCGTAGCTATC
ATAAGAATGCGGCCGCTTACAA

P1

P2 GTCTACTCTATATGTGGTATC
CTATTTCGAAACGATGCAATTCA

P3 ACTGGGATATTAAAACTG
ATAAGAATGCGGCCGCTAAAGC

P4 TCGTCGTGAGCGTCTGCCTC
AGAGGCTGAAGCTTACGTAGAAT

P5 TCAGCAATGGCATTGAAGCCAGC
CTCCTGAC

6 CTTCTGAGATGAGTTTTTGTTCTA

GAGCGGCCGCTAAAACTGAAC

AU, PRECR T PCR. FY) 4
FERN Y, ARATIE AR A Rl AR . R R Y
IER R E 4 Bk pPICZ-PDI K54 PS5 Fl P6
P E A AOX JA3h 1. PDIBEP DL E ¥
X B B, 5P ERS H BamH 1 4k
FEH kL pPICZ-ERO1 #AT[RIJAE A, KA
NOVO protein [A] P 824 5k, a8 ve B2 A
pPICZ-EROI1-PDI, %41k E. coli T1 J&Z 240,
PRHCH s pEJEA T PCR %558 . BVI % . LRI
¥, ARAS R A IA
132 FAEREATHRS

I T Af Y E 2 FORE pPICOK-CIP #E 7T
Sac [ Ze Ak e R ik 15 3 5 AR BE Pichia
pastoris X-33, #J#H 41 H X33/pPICIk-CIP, Ik
A AE LU E N 250 pg/mL G418 1) YPD P4 |,
3 d JE AR P AT

W 3 I 1E A Y 41 SURE pPICZ-EROL
pPICZ-PDI, pPICZ-ERO1-PDI #47 Miu I £tk
B )5 o B B B [a] — #k & A7 CiP R B 18 £
Pichia pastoris X-33, #4 &5 5% A 7+ 118

Erol. PDI, Erol-PDI [ CiP itk X33/pPICZ-
EROI ., X33/pPICZ-PDI, X33/pPICZ-EROI1-PDI,
BARTEL U 250 pg/mL G418 1 50 pg/mL {# 3k
FHEM YPD WHEAR L, 3 d JEIREHPE
7.
1.3.3 HEAZHWHERRIEM SDS-PAGE il

W EH FE R X33/pPICOK-CIP Fl43 B # 44y
F-££15 Erol . PDI, Erol-PDI f X33/pPIC9k-CIP
EFEIETT YPD (1%BEREH, 2% R, 2%
B, L5%BUER) Ak Zessse, PR TE
FliF 3 mL YPCS (1%BAEHZ W), 2% K,
0.5%[M 2 FIK Y, 0.5%1LA4E:) A Rl 785 %
Ferp, 24 h )5 1%HEER RS 250 mL R E
50 mL ) YPCS i, 24 h J5001 1% (V/V) H
AR MR Jy 50 umol/L B 41 2%, 48 h #1 72 h
JE¥EAIM 1% (VWWV) BEES, 96 h I,
8 000 r/min #5.0> 5 min U F3E, FIEHAT
SDS-PAGE #;lll .,
1.3.4 CiPEIENE

i ABTS F1RUR K 2E 47 il % 2 14 B
1 uL FBERy LI E 0.3 mL ABTS-H,0,
(2 mmol/L ABTS, 2.9 mmol/L H,O,, pH 4.4) H,
I UV1800 Il 5E 420 nm (# A AL ABTS JEE /R
RN 3.6x10° L/(mol-cm)) F 1 min N
JEEMZMAG, BEHEHAE 25 C, MIE
(U/mL)=AGx0.3x# B 41/0.036.,
1.35 5L KEE#EBARE CIP

¥ [\ B A 2 18 Erol # PDI HY
X33/pPIC9k-CIP B k4% 3%EM A H] 3 mL
YPD ) —Z iR E R, 30 °C, 250 r/min,
12 h J& 3% Rl i % 3 51 500 mL 3 & 100 mL
BMGY (1% HY, 2%&E A, 1.34%

cjb@im.ac.cn



1686 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech December 25,2015 Vol.31 No.12

YNB, 400 pg/L A2, 1%HH, 100 mmol/L
pH 6.0 MBERRHISE thilk) —ZFh 7R,
30 ‘C, 250 r/min, 12 h /5 ODggo £l 10, 10%f#
TR AR E] 5 L B RTERED , R BERED) If e
1.8 L BSM ¥ g: %, f7} BSM 77 : 26.7 mL 85%
HsPO4, 0.93 g CaSO,, 18.2 g K,SO4, 149 ¢
MgSO,4-7H,0, 4.13 g KOH, 40 g H il #1 4.35 mL
PTMI1 (& VEBR & ); & J+ PTMI & 6.0 g
CuS0O4-5H,0, 0.08 g Nal, 3.0 g MnSO4-H,0,
0.2 g NaMoOy-2H,0, 0.02 g H;BO;3, 0.5 g CoCl,,
20.0 g ZnCl,, 65.0 g FeSO,-7H,0, 0.2 g ‘LW &K,
5 mL H,SOy40 WA A BRI BE 30 °C, HWE
K (28%) il pH Ay 5.0, 38 1 38 5 1 Pl 5 0
WA PR R EAE 20%L) . % BSM HH
WA RUE S FTHE, L1815 mL/(h-L) [y
WIEA 1.2% (V/V) PTM1 18 50% (W/V) HH,
i ODeoo Fl 150-200 Bf 45 1k G0 i H-vilr, DLk 5%
30 min—2 h, LI 6 g/(h-L) WY RFEMEH
1.2% (V/V) PTM1 (1) 100% FH s, 385 40 1 2
IV S AR I VS A R 20% L |

2 &R

21 HEBEAREHAEHWEFIRIX
W4 5 4H Bk pPIC9k-CIP F EcoR 1 il Not |

UEHTI % E, 538 1 000 bp B9 HHIEHF, S5
W2 R —3 (K 1), DNA 545 59E a4 B
W R B A IE R, . B 41 X33/pPIC9k-CIP i#17
A S8, esb g iE1T SDS-PAGE 44T,
S5 RITEL) 40 kDa b — S W&, &
P B il K B 20T, 50 kDa i1 60 kDa Ab s 394 4%
(18 2).
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Amp l
Y
pBR322 ori &
4

4—5'A0X PROM
W —BstB 1 (1254)

- a-fact(ir
;\VTECOR (1 540)
|

pPICIK-CIP
7 038 bp /
cyc ‘[erminalt(m%‘> / /\ CIP
L y 4
Ga1s” S g:f“/—Not [(2733)
/7 3AOXTT
His 4/_

B

CiP

E1 pPICK-CIPRAETR (A) REGVIEIKEE (B)
Fig. 1 Schematic map of the recombinant plasmid
pPIC9K-CIP (A) and restriction analysis of the
recombinant plasmid pPIC9k-CIP (B). M: DNA
marker; 1: pPIC9k-CIP digested with ECOR I /Not T .

2 FUHER CiP RiEF=HH) SDS-PAGE 531
Fig. 2 SDS-PAGE analysis of the recombinant
protein CiP. M: protein marker; 1: broth supernatant.
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22 EHEZEHCIPHERE

FE 2 iy 3 45 BeR R E B B i A
PIWFSE FIE i LC-MALDI 88356 & AT I 7] 3 3%/ ik
T%5E, LC-MS MEdEERB], 40, 50 F1 60 kDa
REEE AT XM 001834316 Jith 15 [ 14 [ 954443
R 41% . 40%F1 14%, HIBLWiE 40, 50 kDa 4k
HH—EN CiP, K RA B SRR ; 60 kDa
bR A T E— 2B I BRIE . 50 kDa Ah 2K I 4E I
F BRI T B, AR SR A B S B
(CBS Prediction Servers), #Ell 162—165 {37 A Hf
FEALA 5 NSSQ.

2.3 KNS FEHEX CiP RiEEI

¥ X33/pPIC9k-CIP FREIE b2 R, 5
& 4 4y 718 Erol . PDI, Erol-PDI ¥
X33/pPIC9k-CIP P k% i b ik S A T &
W%, 25 M EREEE 130 U/mL, %4 Erol ) CiP
PR 8 90 U/mL, #4 PDI /4 CiP B PR
&0 316 U/mL, [FAT4#£4 Erol. PDI [ CiP B
PRAEGTE A% 340 U/mL (& 3). ME 4 a7, 2%
4 Erol WtkEAREREHD, 5 PDI,
Erol-PDI Wik H R BHBE A Z

24 5L kFEi#EFRIL CiP
W25 1 bk X33/pPICIk-CIP Fl#& 4 FER &

g 400
5 350+
= 300¢
2250+
Z 200
2 150t
2 100}
£ 5ot
S 0
(84

B3 #HREHFHEX CiPEERFMD

Fig. 3 Analysis of the CiP activity by co-expression
chaperone after shake-flask induction for 96 h. 1-2: ck;
3—4: ck+Erol; 5-6: ck+PDI; 7-8: ck+Ero1-PDI.

kba M 1 2 3 4 5 6 7 8
70— s
60—

50—

4()— - . a3 .- “...-‘_

4 SDS-PAGE £ 4 TH 183t CiP RIZRIE MR
Fig. 4 SDS-PAGE analysis of the molecular
chaperone effect to recombinant protein CiP after
shake-flask induction for 96 h. M: protein marker; 1-2:
ck; 3—4: ck+Erol; 5-6: ck+PDI; 7-8: ck+Erol1-PDI.

4 Ero1-PDI /Y X33/pPICOk-CIP B Fktie ik 551
HAT 5 L O KREEREMCRES IR . KR F g #EAT
SDS-PAGE 431 (& 5), 34 7 T- 1148 14 18 Bk 2
HRIAH AT 25 bR, B0 A LS WA
RIS, 25 R KBS, R G 867 U/mL,
EAWEE 2.1 g/L, HEEE 413 Umg. AR
M CiP R A BESS G £ %) 3 379 U/mL,
EAWRE 4.4 g/L, HIE 768 U/mg (& 6).

A t (h)

kDa M 0 12 24 36 48 60 72 84 96

70—
60—

50— -
40— =

t (h)
kDa M 0 12 24 36 48 60 72 84 96

70— e e
60_ i} —
g -
40— =

5 SDS-PAGE £#i 5 L KEEE=HE# (A) 0
7N Erol-PDI ®#k CiP RiEFR (B)

Fig. 5 SDS-PAGE analysis of the fermentation of
P. pastoris X33/pPIC9k-CIP (A) and P. pastoris
X33/pPIC9k-CIP/pPICZ-ERO1-PDI (B) in a 5 L
bioreactor after induction for 96 h. M: protein marker.
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5 - 1000
Y = ODyy, . . =
400 — Enzyme activity (U/my 1800 E
=)
350 - oo &
S 300 E
250 - 400 é
200 1200 E
150 . a2
0 20 40 60 80 100
1 (h)
B
4001 —= 0D, i
~= Enzyme activity (U/mL) | E7§ 13500 _
350¢ // / {30002
: 125002
; ™ / 2 000 e
Q enl 1 =
S 20 11500

Enzyme act

!
200} /' 11000
150% — 1500

-
0

0 20 40 60 80 100
t(h)

6 CiP ZHXBEH (A) &AM Erol-PDI E#k
(B) £5L AEEIEHIFS 96 h BEKIFERABEGE L
Fig. 6 Analysis of the cell growth and enzyme
activity of P. pastoris X33/pPIC9k-CIP (A) and
P. pastoris X33/pPIC9k-CIP/pPICZ-ERO1-PDI (B) in
a 5 L bioreactor after induction for 96 h.

3 Wi
BRIk R G0 4 — Fh A Y AP R
FEARBRG, TN B Yok R
KM e SURZEABERN., ASCRELES
PR A A Hag i fe s H AR A KRIL . Erol
1 CiP L3k}, Erol X§ CiP B W ik LA K
IEfdTERA T, NIEAREE LR CiP 3R
LK, 24 Erol il CiP [8]AF 32150+ Erol 2= 5 FH
—EMEFRE, WAL T CiP R IEKF-.
CiP f = &5 &G 4 4~ " hif, PDI BLIEA
B F s e e, Bba B FH SRR Y

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

Erol. PDI L} CiP f£3R AR}, PDIFEH B CiP
WL ey, A #AE, Erol AILLF PDI
AL, HEERIREIEE, MIfEd#E CiP %
ik, R 32k PDI K [A] i 3 %35 Erol
PDI B £ F| F CiP 3Rk . A SLIG % 4 PDI
1 Erol-PDI fif H B8 HBE 4> 52 5 2.43 AN
2.62 15, VL] PDI B{MIHS B CiP 4T IEHA 147
BOTIMREEARE, A4, FBEEHASF
£#15 Erol-PDI [ bR RIL f B TG . SL &
PERE R S B0 #4G Erol-PDI R ARG 5 R ik it
Y i AR, IS 768 U/mg Fbas M 527 U/mg
1,46 £, BEE 3 379 U/mL 42 H Aj#x ) [
PR A SR e e il I

A SCE oA AR R D E T &
T 5 5 2 1 638 Sk DA B 1A Al Ak R i~ ko
FIBFIEBERE T WA A SRS, o4 b JHE Al A R 2K
P17 BB i [ B v 9 T 6 4 8 RN e R 4Rt T Y
LR %
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