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L1 R

L1 HRRRR G R (Pichia
pastori) GSI15 iy o 11K 27 il 55 7 0452 AW, K AT
W (Escherichia coli) DH10B /A 206 = (R 17 ; A 5L 56
L FORE pPICZaA \pUCLO i A 5636 5 (177
L1.2 BHRBERFERK: M LB (0.5% B £ 2
WM, 1% & 1HR,0.5% NaCl, pH 7.5) | T8 9% &
pPICZaA Z B ORI K o AT BT 5 L8 K M A 1T 1) 335
FEAEHH B LB 85 77 35 YPD 15 75 3% (1% B B 42 B
0,2% W8, 2% B 1K) AT R BE R

YPDS 35923 (YPD 592 3L 78 0 1 mol/L 111 AL f%) H
T RER AL BMGY 85 97 ik (1% W% RESLHLY), 2% &
Mk, 1.34% YNB, 0.1 mol/L % M ¥ 22 M W
(pH6.0) 4 x 10 % A=) 3, 1% i) A1 BMMY K
Jr I (0. 5% FEEACHE H ol e gy /) BMGY)
T REFE k. NPIH0 Buffer (50 mmol/L NaH,PO,,
300 mmol/L NaCL, 10 mmol/L B M) . NPI20 Buffer
(BkM: 20 mmol /L, H 43 [7 NPIH0) Fil NPI-500 Buffer
(k4 500 mmol /L, 43 [d] NPI140) F T & (1 4lifk .
L1332, 2738 R (3 -2 Kk 8 Jf Mg -6 it
1) ( 2,2 -azino-bis (3-ethylbenzthiazoline 6 -sulfonic
acid ABTS) 2,6 H 4 21 (2, 6— Dimethoxyphenol
2,6-DMP) . @ B AR (guaiacol) < ZEy 1 2,4-— S FF
1%y (2, 4-Dichlorophenol 2,4-DCP) it H Sigma A 7 ;
WA MR EERER SR )0 B Oxfid 2 w5 Ak 57l ) 1Y
gy drall, WA B AR T Zeocin BT AR FE W H
Invitrogen 2 w5 B & #E W D) B g B Toyobo 2 wl;
Prime-STAR HS DNA % {5 Jilf F1 14 4% i ) [ TaKaRa
Ox ), DNA BB 18] ek 77 5 KL e B ) & 0
Ugene 24 &) ; 85 A 2l {6 2 .04 Ni-NTA Spin Columns
) H Qiagen A 7] ; EndoH JJ § New England Biolab
AR
1.2 RERGCIEUDEREBEBEE

fir By DNAworks 3. 1 #ff: ¥ vk {4k 40 bp K
SR PRSI, Wi 0 b Sac 11 A EcoR T B VI AL
B IR W B 5 O 2 PR 1K) CTP ik DRy S 56 5 4 2 1
BEDH #r e B s AR AR A S SR T R A
pUC19 LT o HI Sac 1 F1 EcoR T I 45 5L 1F 4
M4 pUCLY UKl CIP K& A, 3% 45 3 A 5] £ g
Ab BRI pPICZaA 1, 1 B0 T JBURL fiy 44 ) pP1Czac A~
Cip i Bi, ¥ 1L K % #F % DHI10B, ££ & 47 25 mg/L
Zeocin K 2k LB V- #ix | i 1% %% 6+ JF il i Sac
I\ EcoR T XU L) A1 PCR X 5 415 03 47 45 000 o
1.3 EEFREEHIEA RN TR IE

$e i pPICzaA-Cip JUki H] Sac T HEAT 2 PEAL AL
I 0] s AR A B s 1 R A 45 4 0T A Rk 2 2 A
Mg 1) 100 pL &2 &AM ImA S - 10 pg &AL
DNA JRA), Fe N M, UK B S min, 38 HL K
1800 V, i ] eppendorf 22 ] ) HL %% FL A B AL 12 i 182
GSLIS: A 1 mol/L il ZLEE 30°C # 1k 7 75
1 h, B fifEE 4 100 mg/L Zeocin [¥] YPDS “F4x I,
30°CHIEH IR 2 -3 do PRIEAL 1 1 B4k pPICzaA
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o — %t 31 (AOXS: 5-GACTGGTTCCAATT
GACAAGC3”; AOX3: 5°-GCAAATGGCATTCTGA
CATCC-3) 1 CIP FE[A I 5 #M U f — % 51 4 (CIPL :
5°-GCGAATTCGCTGTTTGCCCAGAT3"; CIP52: 5°—
TCCCCGCGGAGCAGGTCCATCAA3Y) fif # 5 PCR
N CIP K& DA 75 58 % I BE 3% (5 4k B 1) 38 5, BE ALk
% 82 /N PCR BH ¥ (1 181 9% HI K B4 28 i A5 25 47 1000
mg/L Zeocin ff] YPD ~F-H - HEAT m HUifiE o K M
PUTAR E I R 6 A v BE HEAT /N 5 R IA 1k
T T g5z e I v B E 44 O CIP/GS115, I AE J& T i) 5K
UnaEsgy
1.4 FHCIP ZEFRBEPRIEZHHMRL

SEATHE Rl CIP/GS11S I E R Z A& 5 mL
BMGY #5755 20 mL /N T 4, 30°C $7 pK 1 77 24
h K 5 mL 55 IR0 N & 47 150 mL BMGY 15 78 5L 11
500 mL = Mg KHE 77,4 )220 A0 B 1, 30°C 17 R B
TS A OD g ik 5 2 - 6; B LWL H A E R T &
20 mL BMMY #53: 5E 1 150 mL = i, 4 0D,
A3 K 1 1.5.10.20.30 F1 40, 455 Ffr 43 5% 25 B 14 2 4
Forb— 0 2 SCHR B 725 S 9N 0. 8% (¥4 &
B2 .0.5 g/L Gk ar 257 5 4 A A
BMMY,2 2220 4ii £ 1, 29°C $% JK 55 7% B [ 24 h i
HIRE B 289K 5 0. 5% REFFH T AL 3 MEL .
1.5 Ef CIP F 1N

FESE M 0 5 FABTS 3: % 1 i) 4 470, 5 mmol /L
ABTS ) 22 pf i (pH5. 0) H hin N\ 3 = H i ¥, 25°C
PRI HC4 B, TN 0.1 mmol /L H,0, #2442 o F
F Biorad EXL 800 {45 {3 & 405 nm Y& W e {8 7
B0, R LG R 2 A (A = ebe) T8RN A RN B R
R &% (0 ABTS [ EBS 1 1) & LU — 20 B A 1K
1 pmol ABTS %2 ¥ &5 €8, 1 'k & - Jit % 22 ¥ Il o o2
H— ARG A7 (U) (6 =3.6 x10°Le mol 'em™') o
T TR BTG VA A x OV AR R x i
R < B AARL T x e K~ xe e
1.6 =i CIP W4k .S FERBKRKENE

Fa AR 5 1 7 BB S8 A AR K8 96 h 1)
K24 8 mL, 10000 x g 20 L3k, ZE NiEHT 4%, H
PEG-6000 %4 45 1.5 mL. {f Il Qiagen 2 7] ff] Ni-
NTA Spin column, Zx £ {1 21 {k 3 71 &5 U6 0 15 AT
WAtk . SDSPAGE JE i v vk £ I iy (1) 20 5 < Al
4y F . LI NPIS00 Buffer 4 % 11 % B, H
Thermo scientific manodrop 2000 4 & % 4} 43 % 6 /&

7280 nm U 5E il AR A WK E (e =1.597 x 10° L
mol 'em ") .
1.7 = CIP £#EE L

aifl J5 & A B Bk L 2 B New England
Biolab /% & EndoH i i 5 W 5 3k 4T #1F -
1.8 =40 CIP B 45 M7 52
1.8.1 pH ¥ B & K7 B9 & M : {ff A] Mecllvaine ” s
citrate-phosphatep (pH2 — 2.5) F1 Britton Robinson
Buffer (pH3. 0 - 9. 0) 1E 4 22 41 ¥, 200 L 2 W 4 5
5 44.7 ng (0.003 wL) 4lifk () E 41 CIP, Z M8 )y ik
1.5 ST . B S pH BR0E v U 2 3 g A8 AR TR
pH #H Y Buffer Py 4°C &1 2 h, 7 pH F| K&,
25°C WU ) AR WG R o MR AR 3AEL .
1.8.2 R EEE R FAY S0 i 8 R CE 10.15.20,
25.30.35. 40.45.50.55.60°C 3t 11 AN 5 B B, LA
0.1 mol/L NaAC (pH 5.0) & 22 n i » Ho & 5 4 ) 5
& pH W o il FE R E VRS, S 3R 4 i E T 10,
15.20.25.30.35. 40.45.50.55.60°C {73 2 h, 9K -
1 PR O A W RS . AN RN R D3
NEE
1.8.3 EEZEHNZSEBNE: N TR KIEY
R S5 VS 3 AN TR 9K JE (9 ABTS. 2, 6-DMP. @ 1] K
My K1 A1 2,4-DCP {E K4, LL 0. 1 mol/L NaAC (pH
5.0) KPP, Vi E ¥k 25°C 5 Biorad EXL800
Pl b SO I 38 KT 0 5 WO AF 1 39 i CABTS ¢ A
405 nm,2,6-DMP Fl @& G AR 8y A FH 450 nm, 2K ) Fl
2,4-DCP i f] 500 nm) , F & H AN [) ok B2 i 40 ) g
WtE. B S (K, MK, i H] Graphpad prime
SEAEP K R R B A . BOE Y A
BoE (K, /K, RHfie . BARNED3 AT

2 4R

2.1 EFRBEBREKFHNME . BEEL
FIBR )4 9 D) B Sac TT AT EcoR T M 7 &5 R
ERE Y pUCLY 24k F ) T CIP JE A, 3% #: 7
F TR 1) g 4k 285 1) pPICZacA B4R b T8 i 21
JFi ki pPICZaA-Cip (B 1), #5 4k K W #F B - Bt AL 4k
H#6 Ak 1 3E 47 XUBE U1 A1 PCR 36 I, 3% % 5 b BH 1
() 21 7 2 5 4L kL, ] Sac 1264k 5 41 5K
Al E B AL R R BERE GST15. 2 -3 d 5 A&
100 mg/L Zeocin [¥] YPDS ~F #iz I bifi Hl ¥k & % {b
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1. RERC IR UYBEFRBTRAHEGE

Figure 1. Construction of expression vector pPICZaA-Cip.

2.2 IREFERFRIEFHBRAL

e B0 24 PR IR R A 3R AT 2 8 DU AL T B e AR
SRRk s i) — B 5 ke B T IR Ik & Zeocin
PUVE M e 4 7, BEAL PR L 82 A PCR A I BH 1 1) #%
F T8 1000 mg/L Zeocin ] YPD -4 I+,30°C
FiE2 -3 dJaiiikh 6 NMEpibE. B 6 A vikE
HEAT /N B 208, 0t 2% HH 7= VS 1k g v ) v B E 4R
CIP/GS115. AN[A] ) Bl 5 % 1t 1 B A5 — 5 B b 4F
PE, O 56 UF 3% Y 7 0 B R A 1 5% K CIP )
cDNA H [R FE 8 77 v 38 5 B HE R B BE GS115 1, &
Zeocin FUPETHIE f5 M 50 > & Pi ve B b Bk ik 7%
PS5 B 6y 44 4 CIPh/GS115. U2 0Dyl 55
2T TR W N = 0 8 o S T 7 S O 1
GS115 FI CIPb/GS115 & (4335, — & 140 4 K3k
JEIEAR =L EH 5 R 0D, (515 e (B 2-B) , B
Je BN B W O 18 Wi % 2. CIP/GS115 il CIPb/
GSI15 ¥JAE1H 58 5 R IA 2 fx v W 0% » A 40 i 2E
K80 bl o A i T, BERE R M R . T
Ptk J5 B35 A 102.9 U/mL, 2R ET K 4. 16 £ (&
2-A) o Ttk CIP/GSL15 1E 2y Jig T i) S 56 b bk o

ft CIP/GS115 %M 5k 1. 4 AT R IA, &
24 h HURE R R LR RS S o AN VN IV I I 21 3% A
WA, fEEKM S -6 d ik Kdl &, b s ot
ANFasE M, B s (B 3-B) ; U Il 21 3 A0 4 = R
328 B R Wi i IR A A e (1 3-A) , Hoak B AR e
ST 20 e LA K o B R RN £h T IR A

(@A) 120 —=— CIP/GS115 —e— CIPb/GS115

1004

80+
60+ \
404

N A N

(B) 167

Activity/(U/mL)
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2. FHTRIFEMARERKNEARERETIEN
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Figure 2. Effect of codon bias on cell growth and expression of

recombinant CIP. A: Effect of codon bias on expression of

recombinant CIP;  B: Effect of codon bias on cell growth; Data
points are the averageof triplicate measurements, error bars represent

+1 SD.

AEA T PR KOS . 9 A KA ) R
A2, TR BIAR E W1 A M A b AR KRN T
Wil 2 IS A BEAT T B, TTRE S A T S R
Sy B AR T TE 4L CIP rst. LU ABTS H R
W00 P 5 > AN VS 0 UL £ 3R RN N IR L 4G % T OD g,
10 I Ik B B, AR SR 6 R IL 185.8
U/mL, 55 A& 12.9 mg/mL, i IGE E#EL 10 0D 5
It A L 1 o 0 s B im R R (K 4B) o i
TN 2128 F1 N 24 PR S 4R B T OD g, Ay 30 I 304 il
Wk B, fE U T IR 4 K M S TR R ik 487.5
U/mL, & 154 27.9 mg/mL, LLJ5 3287 F B, (A 78
HH A I ] P PR FE B s v (I 4-A) o W3 N e 24 1
ML ZE 38 3B W 5 W1 2w 1 4% BMMY % &, ik
) gz e T IS ) W A 4
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*1 0D ~#-50D ~410 OD-*20 OD ~-30 OD—-40 OD
(A) 45 ]

404 -
T Tt

(B)

3. IR INFFDE 95 40 AR 4 X 40 AR AR K R 2

Figure 3. Effect of additives and origin cell density on cell growth.
A: BMMY supplemented with 0. 8% alanine and 0. 5g/L hemin;
B: BMMY without additives; Data points are the average of

triplicate measurements, error bars represent +1 SD.

2.3 EHCIPHAK . D FERBRENNE

A Qiagen A @] ) Ni-NTA Spin column 3% F1 2 #7
FEgifb 8, 29 8 1.2 mL(851.8 U/mL) 4, [A] i
HH A1.5% . SDS-PAGE &l 2% 1 17 5% i 4 (0, 45
REIRAAL JF A2 T 58— 40, K/NE 43 kDa /2
A BOPEHE R E K/ D 35.6 kDas i BE T il
EndoH )% J5 K/ 36 kDa /247 (B 5) , 75 & 8 A4F
TS WO 2 P B E TR R AIC BB AL . a4k
J5i [ | Thermo scientific manodrop 2000 | 5 ¥ J&
73 14.916 mg/mL.
2.4 MEHEHNTAR
2.4.1 pH Xt EgE MRS 0E I Bl S Y pH I, BL
5@ pH T EETE R 100% , vF 53 e pH R 1A T
Mg v% o HE4 CIP [Ffidi )k . pH 24 5.0, pH <5.0 B}
B pH 88 K, Wl s B 3 P TR S Ok, pH B I 5.0

—=—] 0D —e—50D —4—10 0D —*—20 OD —#—30 OD ——40 OD

(A)
500

400

LI

<

(=}
Il

200

Activity/(U/mL)

100

(B) 5004

4004

3004

200 1

Activity/(U/mL)

100 1

E4. HmAFERAREENEARZREIELY
B B R 35 8 14 B9 R

Figure 4. Effect of additives and origin cell density on expression of
recombinant CIP. A: BMMY supplemented with 0. 8% alanine and
0.5 g/L hemin; B: BMMY without additives. Data points are the

average of triplicate measurements, error bars represent +1 SD.

TETE R B W pH RS I ) DL Kb X6 R
100% » #5238 4% f1F 5 90 %5 Ak 2209 F6) 42 WG 35 . WS 1Y
pH g ME o M o, 41 CIP 7E pH4.5 - 6.5 2 JA]
e B » pHS S A, AL BE 2 h [ g )L T AN %2 5%
i (B 6) o LA PE pH R 754k b e fa s, 4 2L
B A TN

2.4.2 RFEXTEGTEMEEY 20 - DU N ) SR 0 SN i
I 5 DA 3 SN il P B ) I 3 R A D 100% , 1F B3
CHL T AT WS . LA ABTS SR, I (1 5% il
L BE Sy 25°C, G T 25°C , B i BE TF v I O Ik R
T I 25°C W R N TR 2% 18 R B, 45°C I il
VR A B S RO iR R 61, 5% o 3 B AR E
P ) LA Adb B 11 I A X L S M 100% 5 1F 5T %
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kDa M 1

07 4— m—

66.2— —

43,0—8 -

31.0—m—

<—36 kDa

22.0— —

14,4 — —

S R EARSREIT R LYEEHY SDS-
PAGE 4 #f

Figure 5. SDS-PAGE analysis of purified recombinant CIP.

M: standard protein molecular mass markers, lane 1 — 2:
recombinant CIP purified by Ni-NTA Spin column, lane 3:
crud CIP from supernant, lane 4: CIP digested with EndoH.

100 ..
—a—activity
—e—stablity
80+
£ 601
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(a4
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25 30 3540 45 50 55 60 65 70 75 80 85 9.0
pH

El6 pHMRERGIALYHELEMEETHNE
1]

Figure 6. Effect of pH on activity (squares) and stability
(circles) of recombinant CIP. Data points are the average of

triplicate measurements, error bars represent *1 SD.

UL AL B S B 0d S AR B R B . A5 R R,
41 CIP g Ph#E L 15°C JF 4R N %, 40°C T AL FE 2 h
AT 65% /oA 1) i 1, B I 40°C B8 e R TR B
(K] 7), 4 CIP £F 20 —40°C 35 PE EL 4wy HAG & o

110 7
—&— activity
—e— stability

100 4

90 4

804

704

60

Relative activity/%

504

40+
_ —{
30 T T T T T T T 1 T

100 15 20 25 30 35 40 45 50 55 60

7. BEMNEARERGCIANYBFEEMEBRE
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Fifure 7. Effect of temperature on activity (squares) and stability
(circles) of recombinant CIP. Data points are the average of

triplicate measurements, error bars represent =1 SD.

2.4.3 BRZEEHFSE IR S E R 1 K
F (K, IK,) KA. T HE5E 4L CIP [ i% 3h
D125 40 A1 53 5 LLAS [\ BE (1) ABTS .2, 6-DMP.
B , KR 2,4 SOK I N EY, Jl H,0, )3
) SN P S N4 46 8 - Graphpad prime 5 %%
PR K I B S o S K, R K fH S 5
s (R 1), AR ] LLE H H 41 CIP 1 fx 0 i
YIRS A ABTS > @A AWy >2,6-DMP >2,4-
DCP > FEW.

F1L FRKEYTEAREREITELNYEHFSHMBHRIGE

Table 1. kinetic parameters and specific activity of recombinant CIP using different substrate

Substrate K, / (pmol/L) K../(8™h K, /K, (LS~ "epumol =) Activity/ (U/mg)
ABTS 62.80 £7.771 17.190 £0.314 0.274 16.537
2,6-DMP 711.00 £9.4 03 0.122 £0.006 1.718 x10~* 8.891 x 10 2
Guaiacol 150.200 +3.047 0.200 £0.005 0.001 0.227
Phenol 240.200 £5.090 0.003 £0.001 1.249 x10°7° 3.562 x10 73
2,4-DCP 1494. 000 + 128. 400 0.054 £0.0001 3.614 x10°° 4.827 x10 72
B 21 40 B b &k tRNA X & 6 R 1) 1E 3 #5202 5 SRl
» » \ YN 8 \ N kY N N
3 g PEREHT £ 1k, KA S UE W], DL RE N A 32 57 Y Rk

AN [ ) Tl 36 A% a1 F AT — 52 IR O 4 S T8
BERILAR B 5 5 DI S A A A 1 1 B R

D AR T L R e e L A
0 52 50 TR RE B E T 3% — e AR AR A el T BRI
DI AL mi~ A + T &5 RS A 1 48 ) A — 2 B2l
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G UR RIS o KT VRN PRR A B DR ) v TR
PR 7 (5 5 85 5~ 1 S50 A4 B A B 1 IR R D R 2 R
BT I AR A R R Al

CIP 2Bl 554k B (1 B0 88 5 7 2 2047 0% 55 4k
T YRmERE—MAe =4 8 — 14 AN 3 — i o 4
) H % B 2 SR BE AT B A RS, AR T ER AT
B T LR AT B T B AR B 2 Sk 0k i Ak 1Y
CIP. i i Ak v i ik 2 38 it 1 3R 08 F () — Fil
D7 I B Ak T Hp 0 S I P s A AR
N R A AL T e . MR A R
RIS EARH— AN FEZE D 2, WF 50K B 1) 15 95 5L b s
Jnfin 25 2% 7 BLBR K B8 o AR A ) g ) R SR A
B TR CIP R R, RATRMT — &4
TE M o BT B A S LR B BRI o DR ARE R
W 5 KPP B 43 9l % 32 5 R A U A0 T T R T B
FEEE I 0. 8% & IR LA 2% v 9% BF 77 1R 3 B
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Expression and characterization of Coprinus cinereus
peroxidase
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Wanli Yuan , Yifeng Gong , Kewei Liang
'School of Life Science and Technology,® School Infirmary, Nanyang Normal University, Nanyang 473061, Henan

Province, China

Abstract: [Objective] The aim of our study is to express Coprinus cinereus peroxidase (CIP) in Pichia Pastori
efficiently. [Methods] We synthesized CIP gene with P. pastori codon bias by our Gene Synthesis and site-specific
mutagenesis platform, using DNAWorks 3.1 program to design and optimize primers. Then, we sequenced the PCR
products, inserted the correct gene into expression vector pPICZaA and transformed the linearized pPICZaA-Cip DNA into
P. pastori GS115. We integrated CIP gene into the genome of P. pastori, using the o-mating factor from Sacchoramyces
cerevisiae as signal peptide to direct the secretion of the recombinant protein. To obtain transformants with high CIP
activity, we checked transformants by nested PCR and stained 82 positive ones on YPD agar plate with 1000 mg/L Zeocin.
Then, we got 6 transforments with high resistance to Zeocin and expressed them in small scale; the one exhibiting the
highest activity was chosen as engineered strain and named CIP/GS115. [Results] We purified CIP from culture medium
after induction with ethanol, the maximum activity reached 487.5 U/mL on the 4" day. The purified CIP exhibited
maximal activity at pH 5. 0 and 25°C with ABTS as substrate. The enzyme had 61. 5% of the maximal activity at 45°C and
was stable below 40°C. However, the stability was drastically reduced above 45°C. The recombinant CIP remained stable
between pH 4.5 and 6.5. We studied the substrate specificity on different substrates with the purified enzyme, and the
optimal substrates were in the order of ABTS > 2, 6-— Dimethoxyphenol > guaiacol > 2, 4- Dichlorophenol > phenol.
[Conclusion] The highly secretory expression of CIP and high special activity lay the good foundation for it” s industrial
applications in waste water treatment, decolouration of dyestuffs.

Keywords: Coprinus cinereus peroxidase (CIP) , gene synthesis, expression in Pichia pastoris
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