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Abstract: To enhance the penetration of P53 into tumor cells by fusion it with the cell penetrating peptide 9R. The fusion
gene of 9R-p53 was cloned into the expression vector. The fusion protein, CPPs-P53, was expressed and purified. We
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detected the rate of cell growth inhibition and apoptosis by MTT and Annexin-V-FITC/PI double stained method
respectively for measuring its effect on tumor cells. CPPs-P53 and P53 were successfully expressed and purified, the purity of
both proteins reached up to 90%. MTT assay showed that the cell growth inhibition by CPPs-P53 was more efficient than P53,
and the rate of cell growth inhibition is dose-dependent. The apoptosis experiment showed that P53 could induce apoptosis of

tumor cells. Compared with the P53, CPPs-P53 had a more significant effect in inducing cell apoptosis (**P<0.01). The

CPPs-P53 shows more significant effects than P53 in inhibiting cell growth and inducing apoptosis on tumor cells.
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vector i | TaKaRa /3 F] ; T4 DNA i #27 . BR
PERTR N VIEEIA H NEB AWl 5 @i DMEM H55%
WA A Invitrogen 23 /] 5 B4 2R 1075 A 1 Hyclone
/), Ni-NTA Agarose i [ Sigma A Al ; 2143
TEbrE B Fermentas A7l FPTA P53 BTE
SR (D-07) T4 H DAKO A #]; HRP FRic i
P IgG W H Bioscience 23w ; SUMO 7 [ il
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LAY B RNA, IR 28 RT-PCR ¥ 34 i H 19 /Bt ,PCR
FWAKZ M 1.0 uL ¢cDNA #i#z, 2.5 pL 10xPCR
ZZPW, 2.0 uL ANTPs IR AW, 0.5 pLrTag B A
fitf, 2 uL PCR E RIS 1% (10 mol/L), K =z
JKAMEZE 25 uLo SOV A4 2 95 °C 5 min; 95 °C
30s, 60 °C30s, 72 °C 30s, 30 MEH; 72 C
10 min, AP G815 i = ZE AR AR BB 1925 1
XFRR, )% PCR 4ifb)s, i%4#65] PMD-18-T-
simple &, 207 %€ 1IEH 5, 5 NCBI L2y
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Table 1 Primers used in this study

A B9 A BRI EE (1 pS3 (TP53) JE[H ) mRNA F5)
5ee—3, A Bsal F1 BamH 1 . Xho 1
BamH 1 WYY, $K)5 7050 H:3] pHisSUMO 2
&KL B pHisSUMO-9R 1A - 5% 1k 2 K i T 14
Rosetta (DE3) Hilt 73Rk,

1.3 HHEB®IFESFRIE

¥ N E 4 Bk pHisSUMO-p53 LA M
pHisSUMO-9R-p53 1] Rosetta (DE3) XIJZk 55773+
PR R TE A T LB 85380 (% 100 mg/L &
THRER) RGIHFRAR . B LR 1%
P LR T LB 8537 (% 100 mg/L 2N
HE) KiIRE OD N 0.3~0.4 I, il A IPTG
AT HRIE . BUREH IPTG WE . AIR)IE S
(175 T TR e M P R I B0, B UTTE TR A A S
AR TE R 2K, B IERR A I
TLVER > 64T SDS-PAGE, R E &84 0 #ik
1.4 CPPs-PS3 RE&EERLUIR P53 ERRIAK

B pHisSUMO-p53 LA} pHisSUMO-9R-p53
AL KRS S 40k CPPs-P53 & P53 M. 15
S5 TR AR VS R 22 pP I (10 mmol/L PRk
300 mmol/L NaCl, 50 mmol/L NaH,PO,, pH 8.0)
HRSGMABEIELME R 1 g/L, K EE

Primer name

Primer sequence (5'—3")

Primer size (bp)

P1 GGTCTCGAGGTATGGAGGAGCCGCAG 26
P2 GGATCCTTATCAGTCTGAGTCAGGCCCTT 29
P3 GGATCCTTAATGGAGGAGCCGCAG 24
P4 CTCGAGGGTCAGTCTGAGTCAGGCCCTT 28
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30 min J5 H A BERE, 10 000xg. 4 "CE > 30 min,
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W (20 mmol/L BK M, 300 mmol/L NaCl,
50 mmol/L NaH,PO,, pH 8.0) ¥k EZE MG,
FHYERZE #hi% (250 mmol/L BEME, 300 mmol/L
NaCl, 50 mmol/L NaH,PO,, pH 8.0) ¥EJlii, Uik
WE— P e 0 BRIV Ay il 5 21 o WO R B B
HIE, A SUMO # FBEFIZ % 2 mmo I/L 1)
DTT, 30 CUI#| 1 h, P4 Ni-NTA HERZT,
WCEE 7 AT SDS-PAGE  HELJKAG N .

1.5 CPPs-P53 LI K P53 EHH] Western
blotting E[J 7R 4&

Al fe WA~ 418 14 SDS-PAGE J& ,
FEHEFEE NC I E, 50 g/L BEIR UK % iR B A
1 h, JIMARPTA P53 BRFCRERUIA (1/50 Fike),
4 CWFE I . PBST BEME 3 ¥, %K 5 min,
JA HRP FRic EH0 R 1gG (1/7 500 Fakg), 37 C
IRF 1 h, PBST Ml PBS #5-1:/ 3 k)5, ECL 1k
SSRGS, R BSA fE R IE

1.6 CPPs-P53 L1 % P53 ¥ HepG2 #1 U251 £
iake 2 3= R EIE It

BB K AT Hep G2 4 it % i st Jot
AN U251, 24 0.25%REHE LSS, F& 10%
/NAS LTS B9 DMEM. 3% 37 808 1 40 I 5% B N
1x10°/mL, FF3ERT 96 fLANMIRE IRtk 1, HAL
100 uL. BT 37 °C. 5% CO, {4 24 h
Wk bR EE SR 4 4lifk 5 CPPs-P53 L) ) PS3
FEAMBEE | mg/mL, H AR e bh ik 2 e
12 fEem B A %L, &L 200 uL, B4~
WM AT S ML, R E 7T AR, &
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25 AP, #e DU AR =

20 A= KA ] =10 5 4 ALF-34 oD fE/%E
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1.7  AnnexinV/PT B £ 46 20 B A T

¥ HepG2 K U251 48l #2:7 6 FLAN kS
M, AfLn2mL, # 37°C. 5% CO,4ifuk;
FAERESE 24 h, MUE MTT 4555, 40058 405 BE
JE v M 0.25 mg/mL ) CPPs-P53 Fl P53 14
MBS SR, 595 36 h 5, FH 0.259% 1 I s Ak 2
ffl (0.5%10°~1x10%), F PBS %% 2 ¥, /il A 500 mL
iAW AR, A FITC FRighy 5 pL
Annexin-V, {2 #EE W 30 min, FFIITA 5 uL PI
F1300 pL 25522 vk, #EERNV 5~15 min )&,
7 BV A A E AT (— AN 1 h),
[Fi) s LA 07 5 5 1 %) 200 M — A8 Ry B sk R
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MG E I HREUY) RNA A s 19
W e L VA TR I o DAL K ] v e LA A
HWEF| 28 S, 18 SHIS S =4, WL RNA
SERCERLT, FRIU B RNA OD,60/OD,so S AR 1E
1.8~2.0 ZJa], KB EKLF (& 1), FkiZ PCR
J5, 58] T S5 WUAAE R 1182 bp K/ &4
(A 2), MFFLERZ 5 NCBI E blast FLx}, 5%
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1 ASMEILE RNA
Fig. 1 Total RNA of human peripheral blood. M: DNA
marker; 1-3: total RNA.

M 1 2 3

1182 bp

2 EmERERERE
Fig. 2 Amplification of p53 and CPPs-p53 by PCR. M:
DNA marker; 1: p53; 2: CPPs-p53; 3: negative control.
ZZ Kk TP53 (GenBank Accession No. NM_000546)
[FER R R 100% , EW] p53 HAYRER C 28 v
eI
2.2 CPPs-P53 EHEHMFIERETE

K5 3eAT p5 3 BEDH T e A5 S8R 3K 2
4t pHisSUMO-9R #{A& L1 & pHisSUMO #ifk, Jf:
FACERIGATE T, W1k CPPs-P53 Fli ik
HULL P53 & H, MIMELEAE3T CH, ik
2 0.25 mmol/L IPTG 55235 , BUR[RIZ ) 1]
(4% S 1T SDS-PAGE. 37w, K51
BIME AT (4 66 kDa) K/NH—EH)
CPPs-P53 LUK P53, (HMIF H 198 113 LI {4

LA RIL, BUBIHEFEE N 20 C, HEAES
# IPTG (0.1~1.0 mmol/L) 7EA[RIWE T iES
TGO ZREARM A, SR BRAEHEA
CPPs-P53 LI iiARIE A FRIE (B 3), HREN
P53 90% Lk LT EIEAEE (B 4). FIH
pHisSUMO # R F R IMEE [T, A2 N I
A 6xHis br%s, 1 LIFIA Ni-NTA EHrAE#E17
alifl,, CPPs-P53 iAW B0 I TTTE 240
TR 72 P 5P DL B8 A 4 R 1% 3] SUMO-
CPPs-P53 F[1; P53 Rk LRI 115 482
M5 Z 0 — [ PERE R SUMO-P53 fill & 8 H

kbDa M 1 2 3 4 5 6 7 8 9

97
gg SUMO-P53
35

25

18
14

B3 BE#IER pSUMO-P53 HiFRix

Fig. 3 SDS-PAGE analysis of expression of
SUMO-P53. M: marker; 1: negative control; 2-8:
soluble after IPTG induct 1 h, 2 h, 3 h, 4 h; 3-9:
inclusion after IPTG induct 1 h, 2 h, 3 h, 4 h.

kba 1 2 3 M 4 5 6 7 8 9

97
66
45
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SUMO-
CPPs-P53

4 HBIEB SUMO-CPPs-P53 RyRiA
Fig. 4 SDS-PAGE analysis of expression of
SUMO-CPPs-P53. M: marker; 1: negative control; 2—8:
soluble after IPTG induct 1 h, 2 h, 3 h, 4 h; 3-9:
inclusion after IPTG induct 1 h, 2 h, 3 h, 4 h.
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Rl& 5 14 SUMO Protease [ BV FF4l1bJ5 345
JiER CPPs-P53 il 82 FIAI P53 B H (K1 5. 6)o
£t Western blotting EI3IE 43T 6 BH , iX A~ AR
HIAT S5 ERPTA P53 By SEREHTIA K A R Rk
JE, TS AR FJC RO, UESE T BT RIA IR
F YRR 7).

2.3 EiH CPPs-P53 §25E B 0 I APy 20 A By
S SRS
¥ HepG2 M fIFN U251 4R ER T 96 FLZH

1 2 Marker kDa

<97

<066

protein <« 35
Sumo tag ———> wm—

<18

5 i3 CPPs-P53 RAEHAIHIE

Fig. 5 Mature CPPs-P53 fusion protein. M: marker; 1:
mature CPPs-P53 protein; 2: fusion protein after
Protease cleavage.

P53 protein

Sumo tag '

Bl 6 FREPS3EBMTIE
Fig. 6
protein after Protease cleavage; 2, 3: mature P53 protein.

Mature P53 protein. M: marker; 1: fusion
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MREFRM ERE SR 24 h, WeZs BIRRERW . Falife
JE PR E 20 R 2 1 mg/mL, IRV
JE SRR AR B 12 2 £ R R R AL,
AT 5 AR AL, WA T & % E /Y
2N B X R 5 ARS8 5% 48 h 5 i 2 WG
FEIH AN A KA, LA LTI R
W REEE R AR bR, DA A I 3 AR bR A
B (& 8. 9), MHJLIE H P53 E X HepG2
U251 BYAEMAE K IA —E mIvERT, iRk
&5 1 CPPs-P53 % HepG2 1 U251 AY4H Lk K
£ 0 ) A FH B e, O S R AR

CPPs-P53 b FH () HepG2 4 Jifd i) MTTT A&: 45 - il

&7 CPPs-P53 K P53 A Western blotting 534
Fig. 7 Western blotting analysis of the recombinant
CPPs-P53 and P53. 1: BSA; 2: P53; 3: CPPs-P53.

MTT assay of HepG2 treated with target protein

0.8 [y .

07 = CPPs-P53 = P53
gr ok
06 okl k% sk

05t
04t
03t
02 tB5 BT NI
0.1 - B

0

&k

Cell growth inhibition rate (%)

Dilution multiple of target protein (1g)

8 BE®ERERT HepG2 4RI MTT 2 45 R
Fig. 8 MTT assay of HepG2 treated with target
protein.
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MTT assay of U251 treated with target protein

0.6 | ** sk

&k
05 | u CPPS-P53 = P53

04 r
031
02 r
0.1

Cell growth inhibition rate (%)

Dilution multiple of target protein (Ig)

9 HHIEBERT U251 fAEAY MTT #4&i04 R
Fig. 9 MTT assay of U251 treated with target protein.
7N, HAMIE A KA P53 5 2~8 £i5 . CPPs-P53
FEEXT U251 4000 MTT Rigs i wos, H
IR PS3 & 1~2 fi5. WG4 0r s,
CPPs-P53 Rl & 15 P53 AH H o g 48 o iy 417
HISCR T4, 2R EE (*P<0.05; **P<0.01),
FH I HET 9 IMAE 2R 1Y) 2 R IK REH5 4 P53 &R 1k
G P I B S b 00 o 58 A P A A

20 i A A P ) =1 A LT-24 oD fE/%
HRFLF-) OD {H-SE55FL V¥ OD fi/% BFLF- 15
OD 1§

2.4 E! CPPs-P53 BEAXMIFSIMEMMR
AT

# HepG2 Jz U251 0T 6 fLANMLRE F Ak,
Y1 i 52 4G BE 5 S 45 P53 il CPPs-P53 AY4HAE
FRIRuE, 557 36 h JEIHALAINE, £ FITC Frici)
Annexin-V 1 PTALH i 44 20 i FH 178 =X 41 g A AG: )
AAPET, S5 LE 100 T QL T AIRAEH)
A, Q2 I MMEHITHT A4, Q3 ' MIEH 40
i, Q4 TTAHRIHIHT M4, &l 10A i HepG2
25 U B ARSI 285 2, R BT PR T A 2 o 3.1%
RIET- A2 R 3.2%., & 10B AIA P53 &

FIROAISE SR, AT A0 2 8.29% , R
AT 202N 2.3% . & 10C A A CPPs-P53 il
BEAMRIMER, T aE2y s 21.1%,
HIRET- AR 1.7% . W 10A-C FiR, 5
P53 #Hkt, CPPs-P53 S HepG2 4l %A= T
PR T R i 2, MR TR B, AT
RILE T 12.9% . 18 10D Jy U251 25 IR B9
ISR, W T AL S 4.8%, FLET-40
M2 0.6% . &l 10E SHIA P53 2 (1) 241 ik
SR, AT RS 5.4%, FUIET-40
124 1.9% . El 10F Al A CPPs-P53 fill 5 8 14
PRI ZE SR, M T4y 5 14.0% , 510
T2 R 3.1% . WA 10D-F s, 5 P53 A
kb, CPPs-P53 i'% U251 40 & A T- AR
o E, BT RROR R, MRS T
8.6% . HiMLHEWT CPPs-PS3 1Y 9 A-KE &R IK 5
K BEA AT P53 B (E AP, G4
T HepG2 1 U251 40T,

3 it

FIAIr 28 18025 5 0 T2 iRy 7 i Aok
T AN R AN TR STRAE,
ENTSCR R, SO 4R 52
PR R HERN o T4 P53 — K554 2B A
A RRBE A8 AR B B T A AN REAS AT, 12
HEHAABEIEALNNE, AR S AR N & A
i, MELARFERRL ., R AR, Al
SRR Hh B AL R X — S, M E e
TGP TR AR . A0S IR AE Dy —Fh A
AR R BTGP I AR R R A, AU R
5, 1 H T A A AR T M B A
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Cell apoptosis rate of HepG2 treated with P53

Cell apoptosis rate of U251 treated with P53

and CPP-P53 and CPP-P53

<100 ¢ 1007
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260 o 260

=] = Q

a 40 r S 40 1

=4 8 k%

& 20+ 5 & 20t - x

8 0 - L L 8 0 - L . -

Blank contrast CPPs-P53 P53 Blank contrast CPPs-P53 P53

Treated protein Treated protein

10 P53 LK CPPs-P53 {EF HepG2. U251 £HAfl Annexin V/PT BU57E 2 40 B S04 0 £ Ae R = 36
Fig. 10 Apoptotic analyses of HepG2 and U251 treated with P53 and CPPs-P53 by Annexin-V-FITC/PI method. (A)
HepG2 blank contrast. (B) Apoptosis of HepG2 treated with P53. (C) Apoptosis of HepG2 treated with CPPs-P53. (D)
U251 blank contrast. (E) Apoptosis of U251treated with P53. (F) Apoptosis of U251treated with CPPs-P53.
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IR AEYNE M, BAT AN FHET S, 1 9
AN R A 28 R BR CRIE T 2 B T e 1) e R
INTEACVERT, TRl AR 7, A F T
SRR TRl A R,

B R IR Y A RO, AT—E
TR — P SIRTT B M & AR 2R
R LR BRI R AE R, L rh a5 &l A i i 15
VEF, D 3k DR 04 3005 D B AM R SE R 9 G TR 46
M p53 KPR HATHFSE S 2 MR A B4 98 5k
R, FE4i sz 209 % 750 DNA Wigdnd, P53 &
A RTAE FH S [ 1 5 | 400 A ) S L | R Tk
T, PRRRAN A I R AL A S B PR R BR a4 4
JitL, HAE @A 4S5 5 22 Fh i TR DG A i
S G I R SRR LR & AT, — B
P33 FERIBR BRI AS IS, DIPKE T B A
L AN WSS B NI V2 S S
P53 25 145 A MR8 4 s e i HE A R e
PP,

P53 S A MR NBEIRILE 1, A
AEI WA e R HEIThRE, KK PS3 & i 2
20 0 PR SR T AR TR ) )AL, A S B A
kL pHisSUMO-p53 LUK pHisSUMO-9R-p53,
JHHLE E. coli FkRG M RERIK, dlifb i | &
201y P53 S CPPs-P53 45 [ . ifi ik Western blotting
For O 7 2R3 1 B T E R, SR T R
P 4G T 90% ) Imo MTT . Annexin
V/PT UG A I A A T A 5286, MTT il 3
WIEEZH P53 X fiRd 4 9 26 G — o i A il
FH, CPPs-P53 5 P53 ALk, Xif ffyed 4 i i) A
TR T 0 S 2, O LA e A A B ] S R
AR, MTT K 4s 8 W R, CPPs-P53 Xt
HepG2 A A KAIMFIROCR I A2, A=K

AR AT =ik P53 1Y 8 %, XF U251 Ayl R
WikF| T P53 1Y 2 %, AnnexinV/PI FYLAG i 41
M- E5 SRR P53 AT LIAE— R LisS:
YU T, CPPs-P53 5 P53 ALk, #AydT
RE RN, %FT HepG2 F1 U251 i 4 g i) 94
ToRBRE T 2~3 5. BZ, 9R #iFny P53
(CPPs-P53) 7£ 0 fil Jof e 40 it A A= 4 0 i e e
ZEMEARAY P53 AR ARCRTE B2, FIRHIRUE T 9
ANKE AR ST 1A PS3 IR A AN AOTEFH

BANA, AWK AR Y7 5 R AR 5
BEROREL, SFAY AR Z BINESHT . 5
B FRAVRIGE A, R AT RN
TRIT . BERRZGYIRI . ST TR S 2 05 S AR
T PEIRIT T U B BAF R AT, B
A, MAKBA OR #547 PS3 AlG 8 (IR YT EIE
(4538 L B 35 PTD-P53 & 11R-P53 s &1
PIBIESR. , (ELHRIE A P 25 2 e B T 240 B 27 R PT LA
B 5T AU BB TIE . AR SCEHE T
9 ARG G FRHE T 1 PS3 JR 6 e 4 i ) A
FEAEAM IR T e = 2505 S AR A T o % T4
TIRREBARREERARYT, AT LK 9R-P53 i A%
BEF IR, DhmliR i 7 2RI TR s XA
WA TR T AR R BE R YT, T LU I ik AR 2F
75 2 B P ) 2 P S B A T R R IR T
JEAE . ASSCEIGIE THFAT OR FEIBIKAY P53 AT
PRI, Ak — 25T PS3 FEANAR I AV AL
il , N P53 2K AT I i A Ry TR AL T —
Tt i) SEURS RN SR, S JF R e YR 7 i 4 2
T EZA,
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