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Expression and purification of fusion protein CTP-SOD in
Pichia pastoris and antioxidant capacity analysis

Peizhi Li, Junle Ren, Ting An, and Yan Liu
School of Life Science, Southwest University, Chongqing 400715, China

Abstract: Cytoplasmic transduction peptide (CTP) is a newly designed transduction peptide, by which special molecules can be
carried out and localized into cytoplasmic compartment. Superoxide dismutase (SOD) is a protein that is difficult to go into
cytoplasm. In this study, CTP-SOD fusion gene was amplified from human cDNA by PCR, and the active recombinant protein was
successfully expressed in Pichia pastoris. HeLa cells pretreated with CTP-SOD showed a significantly improved survival against the
pyrogallol-induced oxidative stress, suggesting CTP-SOD could cross the cell membrane more efficiently and protect cells from
oxidative stress.
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38 Koy 2 ik B 1 T A R, CTP N
—Fof o 1 ds i TR A A0 B SR 1] R0 24 ) 4 g
P TARKAYAEA

i B A AL ) B 1k (Cu/Zn superoxide
dismutase, Cu/Zn SOD) &—FiE & —TE &=
T A M ERYUACEE . FAT, SOD 1 b2 Il E It
BRI T R R . MRS R DL L BRI
SEPRBNATT , JEHXPIRST I R B R MR I 48
AW AR YT O ULBR MUAE 55 R 00 P 285
i S L8 0 ML A5 O T AT T B O RCR:, JFRERS
B, R PR b IR A B oy Ak sy LARRAR
G BT DR A RIVE T . SOD F= B AR 4 i 5t vh &
FEVER, (2T SOD BAW KA F, WHEERME
M SZORFIIETE , AR D s ad 20 M e A i e, K
REEARC T AEWAE . ASLEK CTP FEPFIA
Cu/Zn SOD JENFlG , MIIHYT7E B ARl RE R B R GE
TR T HA ARG R CTP-SOD f G M, W3
$&im T SOD 4" HeLa 4 fifd 552 S AL 45 £ (1 BE
HEPAR SOD M LA MRS, geily L RAN W
1 HHET®
L1 #R
L1 ARt A

MNIGTEH LR A R LA R BB
1L1.2  FHSH

P. pastoris GS115(his4-) W EEFLTE FH .
P. pastoris &4 B 3 W F 3K BT BL pPICOK 1 H
Invitrogen A Fl ; FlETE T E.coli Topl0 H ARSI
ERIT o
113 Z 257

Total RNA 2 Bk 7 (RNAiso™ Plus) 5
PrimerScriptTM RT reagent Kit, E% E PrimerSTAR
AWM. T4 DNA EHEE . BR&ITEN VIR . INTPs
¥ A TaKaRa 2% ] 5 SR PTG &6 B BioFlux
Nl ABOK =My (Pyrogallol) DMSO . SOD i H
Sigma AFl; Sl H LA TAYHE ARG RITIEA

Al Hise ZyibEbilk (Wbt WA LighEFR
FREPLIAR L EPUR 1gG-HRP I H Santa Cruz;
DAB i (83050 & 1 [ g o AR ) TR ST T s
FIERE W11 e SR m B E N T2 (R =1 ]
1.2 A%
1.2.1 &1 RNA #9#2#5 RT-PCR

% IR TaKaRa 2 7] 1) Total RNA & B ) F Jx 54
SR & AR UL A3 AT B RNA 1Y 48 BRI
RT-PCR.
1.2.2  CTP-SOD il 2 A1 18 R 7 U 76 1A I #7119
1

14 18 Hallewell %1% %) A Cu/Zn SOD ¢DNA
J¥31, % Oligo6 FAF4rHT, it 4 i i ik
(Cytoplasmic transduction peptide, CTP)!5E[H 51
B 19 EiEg |4 Primer 1, 5IA Xho 1 E&Y)
LR B A St Hise 2i bR ST H] (528 5)
M RES1 % Primer 2, 5l A EcoR I BV . LA
RT-PCT 7=¥ ik, F Primer 1 F1 Primer 2 ##47
PCR. #lifk[¥) PCR =¥ % Xho 1 1 EcoR 1 Y],
i 4 22 28R ) BRI 1 9 VTG G D) A (pPICIK. ok
A 24 Xho 1 BEYINLEL, 43 HIAE 1193 bp 1 5710 bp;
Xho 1 K FHER4y BV pPICOK JFikr, a-factor {55 ik
KEX2 VI #0750 L&, ¥4k E. coli Topl0, B
7% PCR fifiifk, /N4 POk i V) 45 2 JF 417 DNA
JP A E

&1 PCRYEFASIMEERFT

Table 1 Primers used for PCR amplification

Primer name Primer sequence(5'—3")

CCGCTCGAGAAAAGATATGGTAGAAGAG

Primerl CTAGAAGAAGAAGAAGAAGAATGGCGA
CGAAGGCCGTG
. CGGAATTCTTAATGATGATGATGATGAT
Primer2

GTTGGGCGATCCCAATTAC

1.2.3  HHTHHIHE dr F 1E

CTP-SOD/pPICIK [tk H] Sal 1 FYIZetEAL, T
Bio-Rad Gene Pluser H1L54{% 2000 V, 25 pF, 200 Q,
4.6 ms FRAFT R EHAURZ SRR, WA TA
Y15 Y RDB VAl e b+ VEAEES %
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Invitrogen Kit P8 45,
1.2.4 P, pastoris 7% PCR KFEHYF

FMER SR 36 h AT, WA R FL A @R TE
To Pk XS TIRERE T YPD RigRh, iR
4~8 h JEWIR 50 pL TR, A-OR-AE AR A
DNA, Jil 3'AOX1 F1 5’AOX1 5|#), B4 PCR K5
UE H B3 A e 5 4 5 iE ABERERE DI 4
1.2.5  FHPELE 1757 P

Z: M Invitrogen Multi-Copy Pichia Expression
Kit (908 FH UE B BEAT BB T 240 T 1015 2 3Rk, IR
12 h #MINH BE R LR E R 0.5% . 7 5I7E 0. 24, 36,
48, 60, 72, 84, 96 h HUEWM 1 mL, 12 000 r/min
#5.0 1 min, TCA JUIEH A, 30 pL FFESE hiRvA
UUVE, HU 15 pL $E4T SDS-PAGE, Zh#risE St el Fi
IR KR,
1.2.6 FFEL7YHIZ LK Western blotting 77F7

S 72 h YRR 4°C L6000 r/min 50> 10 min,
W B, VKR A A R B 2 75 9% LRI TIT
VEEM, 4°CHUE 6h, 12 000 r/min, 4°C#.L> 10 min,
UUUE 1725 MR B UK ¥ By 88 28 R 2 AT AR (N
Sepharose 6 Fast Flow) -V il fif, I 72
4 CiENT 72 h, 6 h B4R UCENTIR . KBTI
i 0.45 pum JEEGUE, FAEERSEAZITA . FER
HFEfE, FH 400 mmol/L BRIV, W& H&E M,
i#47 SDS-PAGE % illl f1 Western blotting 434 o
L.2.7 2L BB I 75 1 E

Bradford i bb (32 & 1 & &P soD ik
& %E CTP-SOD 151,
1.2.8 5K =B ¥/ HeLa M55 19T #I1EH

LBK =W (Pyrogallol), — i S (LB &+~
A7, ATG1E HeLa NS O° w8 3% LI+,
i) HeLa 4R AE K HAFE S FL08 T2 A FHABOR =19
Ab P HeLa 4L, # 7 SRR o B0 HAE K D)
(%) Hela ZHIEALSS, 20T 96 fLEEFRM, LM
200 uL B3 (2x10*4~/4L), Hi3% 12 h, TR,
m&SLINA 180 pL Frff DMEM 555 20 pL
AN TV BE AR A =y (AR BE R 20, 40, 60, 80,
100 umol/L), #FHIXIMRA N KEK, FHK 6 1F
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ffl. H53% 48 h R IR , KA PBS VE ¥ 4 il ,
fnA 5 mg/mL MTT 20 uL,37°CH¥ & 4 h, i MTT,
T A4l DMSO 150 pL, it Pk 3% 4% L 9%3% 10 min,
Ll DMSO %, FERFBR A2 T 490 nm P
TsERFL OD i, SPSS #AFIHEE 1Cs, H -
1.2.9 CTP-SOD X/ HeLa ZHM4 1£ 17 T R4 TEHT
b HeLa 4000 T 96 FLIGFRMR (2x10° 4~/1L),
Wig% 12 he R, M0 180 pL JG I35 1% 5% 5L
20 uL A Ak ) CTP-SOD (& JE R 1. 2,
4 umol/L), XJHAZH N AA IR FE (Y SOD, #5%t R4
JA 20 uL PBS &40 6 1 FA74L. CO, KR4 i
A 2 h 5K, PBS VEIRANML, JIA 180 uL Br
fif 35 35 H A 20 pL 600 pmol/L ABAE =1 (& BiE Hy
60 umol/L), }i3% 48 h J5, F#IEW, PBS UEIK4NNE,
A MTT, 37CH¢E 4 h J55d MTT, Jinsr#ras
DMSO 150 uL, &3 10 min, L DMSO %, il
XA R T 490 nm K F I E %L OD 1, 4
B 20 B A7 1 %

2 %

2.1 2 RNA By#&

KM RNA 2050 & hh 42 AR RNA, 2
ASPEB G M EE RS L Pk AT WL 18S rRNA JZ 28S rRNA
5t (EImg), ULEHEEELY) RNA Kb, nTH
EREE SN
2.2 CTP-SOD/pPICIK EAF IKAIHE

PARCEG s P 1) AR 1543 31 1 K/ 539 bp
Br=Y) (B 1), 4lifk PCR F2¥)28 Xho 1 Fil EcoR 1 fif§
YI, IS8k pPICIK . ™ Wik Toplo,
164 100 mg/L Ampicillin #9{KEh LB e b % 7
B, JFiE LR v% PCR %5 PHMETERE (FINS ), flife &
HIFRLZ Xho 1 Fl EcoR 1 )45 B0 A/ F B
(pPICOK JBtkifE 1193 bp F1 5710 bp A 2 > Xho 1 if§
YINi s 3 2 Xho 1 Fll EcoR 1 BV IS 155 530 bp A 44
4 AR B 2 AN RUAHAE 28 4600 bp 1 7 Br) (]
2), ULHH CTP-SOD #:H O it 8 i fk b, 4t —
AP 25, CTP-SOD 3[R P 41 5 SCik s — 2K,
3 AL RN 1) 1 o
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E 1 CTP-SOD EF Ay 1

Fig. 1 Amplification result of CTP-SOD gene. M: DNA
marker DL2000; 1: CTP-SOD gene was amplified from RT-PCR
products by primer 1 and Primer2.

2 EEHRWEEYI SR

Fig. 2 Restriction enzyme digestion of recombinant plasmid.
1: plasmid pPIC9K-CTP SOD; 2: pPIC9K-CTP SOD digested
with Xho | and EcoR I .

23 BOREAAKNELSAFPCREE

HEA TR LA, R GS115, WA
NEHEFRK) RDB V. ¥id% 36 h 247, PhHase
PEH:T YPD BiaRSErh, B3 5% 4~8 h WG 50 uL i,
BB UEE RN 4] DNA, ] 3'AOX1 FiI
5'AOX1 SR IGIE H Ay FE P R G A 5 3 N 4l v,

bp M 1 2 3 4 5 6 7 8 9 10 11

E 3 ®Hi% PCRimiAPASBEEAT
Fig. 3

AR H RS

Pya =Y R /N iZSE 1000 bp

FiAio % PCRYESE, JLT A sifEh AR 8 T K/
2574 1000 bp HEFHEAT (8 3), Ui H LA C
AT R H A,

2.4 CTP-SOD WS RS54«
AR B A AL R RS T 5% 96 hy 24 h 5
FERF 12 h BURE 1 X, SDS-PAGE 43 H1if S5 19 E 3 -
MRS S R 36 h e, BRFATCRBE, SR
VAT, EORZRE L, 72 h A TRE (E
4), B, #EH 72 h AEEH S FEGEEE
WP IA R E I AR DRI TR, RKE R,
W B & BEBOTUITE . ik, 17 SDS-PAGE ki
M1 Western blotting 43#7 . #EHKZ: Band Scan K
i sk IR P gL E] (Bl 5A), Western blotting
ZERWon (B SB), AN B BT RR S Y G
i (Kl 5B),

2.5 CTP-SOD XI5 L8 T 40 A B9 4R 4P 4E F

25 MTT 50 BT A7 1 A0 B A AR R R, 75 1A )
W RSP AR = (0. 20, 40, 60, 80, 100 umol/L)
Xt A A S A AR (B 6)0 28 SPSS GEit- 8kt
Mr, 4B = [ (Pyrogallol) i 4i i 38 5 14 2f 40 il 77)
(ICs0) M 54 umol/L., kT 434 CTP-SOD {&AMA

HeLa 41 ifd % 52 %A A 31 i 19 fiE

, L 2,

4 umol/L ) CTP-SOD FilAb A 2 h, X 41N 46
[Fl¥ BE SOD, #RJ5 60 umol/L Y 2RAE = 1 b B 41 iy
48 h, MTT E4rHr A7 00 A ML AR B . 455 os
CTP-SOD At i #= T HeLa 4 A1 15 %, AN}
MRAMLILA BENZES (B 7).

12

13

14 15 16 17 18 19 20 21 22 23 24

PCR screening after Sa/ 1 digestion and electroporation. M: DNA marker; 22: GS115; 23: CTP-SOD-pPIC9K; 24:

pPIC9K/GS115; 3-5, 8-10, 12—14, 17, 20, 21: CTP-SOD-pPICIK/GS115 positive clones.
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4 FESEEN CTP-SOD RiZE WM

Fig. 4 Effects of induction time on the expression of
CTP-SOD in Pichia pastoris. M: protein marker; 1: pPIC9K/
GS115 induced for 48 h. 2—8: fermentation supernatant of
pPIC9K-CTP-SOD/GS115 induced for 24, 36, 48, 60, 72, 84,
96 h, respectively.

5 EHZEHARIA L E Western blotting 7 17

Fig. 5 SDS-PAGE (A) and Western blotting (B) analysis of
the purified CTP-SOD protein from fermentation supernatant
of Pichia pastoris. (A) M: protein marker; 1: fermentation
supernatant of Pichia pastoris; 2: purified CTP-SOD. (B) I:
fermentation supernatant of Pichia pastoris; 2: purified
CTP-SOD.

0 20 40 60 80 100
Concentration of pyrogallol (umol/L)

6 4RI =EA3T HeLa £ Bt E BN HI1E
Fig. 6 Effects of pyrogallol on the growth inhibition of
HeLa cells in vitro. Cell growth inhibition was assessed by

MTT assays. P < 0.01 compared with the progallol-untreated
group.
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7 CTP-SOD &S 3t & {115 HeLa R RIP1ER

Fig. 7 Effect of transduced CTP-SOD on cell viability of
HeLa cells treated with pyrogallol. Pyrogallol was added to
HeLa cells pretreated with 1-4 pmol/L CTP-SOD, and
control SOD for 2 h, respectively. Cell viability was assessed
by MTT assays. Each bar represents the meantS.E.M.
obtained from six experiments. Asterisks denote statistical
significance at P < 0.01, respectively. The statistical analysis
was evaluated by Student’s #-test.

3wk

R 2 25y 2 15 I i 300 200 i T e 1 2
A RE RSN, HER T BA R E Feam AL 59k
AT RLE AR, A R A0 5 e A RELLE T NI TRR |
HEAB ZK. 9K Y8 AR5 R0 T W B
A 1997 4F, Vives &8 HIV [ Tat FH 4 —
AT IEHLAT BRI LS RIS Tat (3R 3% S RE ) 2%
PIM e, RZ AE A S (Protein transduction
domain, PTD)P), [t PTD ) 2 Hbo A FH AIE
{HJE T TAT-PTD A 5 & — %€ 7 )7 5] (Nuclear
localization sequence, NLS), K#/r#) PTD 55
PTD LA 445 i 88 1 75 1o 20 M ) i i 31 4 i
AT AN 2 0 L i At A B 2, R AR I
T 20 A% B B AL SR 22 3 A% N 382 A5 ) S i 4
SR B A I W T RE, AL PTD iz ki R 48 Hud H
TAEAMIAZ N KR RER) 2590 0 T 1563z .

MM S /K (Cytoplasmic transduction peptide
CTP) J&7E HIV-Tat PTD JEfl b i%itay— R Kl %%
SR, AT LA Ry T A A A Y, —
SEffF5E Wt — 25 R CTP WIB A 1 i 254 o0 7 5 Ao
20 R I e B T O CTP S — R iz de T AL
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Shy 4 L5 L 1) 245 40 K 3 1 8 i 1 BRI T AR K Y
R ASHIFSE R )3 A HE AR B 5K R gt Th s s R
KT BAEYEYERY CTP-SOD Rl &4 11, KB L3
mEAE AN S E N 1565 mg/L., 4ifbig 2 iy
CTP-SOD 4%k 22.5 kDa,

CTP-SOD TikbHf Hela 411 ] i 25 b 42 = 421k
i R ANML A7 %, $8 SOD A EMEESR . M
Kim 25252 45 52—k, SOD 1 CTP s Hifth ffi
f) PTD RS w5 M4 5 T SOD (i E5 5 RE 1 Filbii &
TRIRE, MR I R 25 SOD A Wyl BE 4T T 1
SCHERE . B RIS R W] CTP i85 254 5 F 52
20 5 B A 1 L B CTP AL HA AP S 6 PTD A Eb
ST AT AT SOD s H: At 78 48 At 5T i A A 259
RAIEDIREARA Ry it — LR A B SORTER . 814,
MK LR HABZE ALY PTD $ARZE & B, A e LTF
TR RS, B B S 6 0 R — 2
i A PTD ¥ 22t Z Kk . IS5 K Ir T 2501y
PR, SRR G 250 i A R T i 1Y)

[jlip=e
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