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5 R0 AL, 1% 52 30 45 R A TAT-msvT34A 89 B A% & K BARPTAT-msvT34A %4 XK AT H & &
#RE.coli BL21(DE3), 7% A A s R F LB F(PTG)H %, AR akb B a 20 Ok X A4 L,
B F AN BT RBAREAMN . 4T 06 F F Ik, 53| TAT-msvI34A G 6% @ 69 465 7T &
98%. #hfb ) @ke & @ B AL AR R K F (FITC)471(FITC-TAT-msvT34A) &, 4 %) 4% 5 HepG2.
TC-1. B16 X HEK293m itk A X oAU R, BAKKE 69 F 40 % & PP xtHepG2. TC-1. B16
A HEK293% 2m o bk B A7 45 3 69 4% -2 fik, 2100 nmol/LiT 84 45§20 34 7T £ 3] 60%0A L, A4F A 2f
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HHL, 6 IEF AT H LA FRIL AR KPR ILP,
A7 15 25 2 R 300K 7 e ) 7K ¥ 52 Bl p 5 33 R | 461,
pS3EE I DIRE B R, ARG R AR IR N, A
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LIS AWl FUREE 0NN, AR R R 2
TE o P PR A A O T 2R BN 43 F- caspase-3 1
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EREAEIE ZR 0 T N BB 3ARL I A5 2 PR B R (T) FEAZ ik
R BRI FE(A), BRSO ST BB AL AL i, AR
FRAL I T34 ATEAR AR L5 240 i A R A 3 358 5 L i
BiIVE T, X 2 e R se e PRI, A B AR AP 3%
AR REIRAG . h T AR R BRI S E 5T
[ -9 (caspase-9) AN b 75 1), WANIEEAF
AR TIAATAZAR I 5] NASK T A PR B A7 30 3%
L5 TR - MR, AR R R — 3 P il P T 7
NI =R R v

AW TR 2 35 40 WD 757 3 IRTAT 55 /)N BUAF 35 R
T3AATE AL A il 5 Fk DY 9 J5 4% 3R 3K iR p TAT-msv-
TI4ARAL BRI AT RIB HE IR, S RIEMG E N
TAT-msvT34A, 2 2[ 4L 5 ¥ 3 N BT i 40 i HepG2.
NN A TC-1, /N LR (O R AR B 16 UL K&
MR 2 HEK 29355 40 U bR, WSl o5 B 1 e 3 4
HUIIZER, D4 SR LU Rt e s A k.

1 MRIE5REE
1.1 ##3

38 i kipTAT-HAPY Hy 3 [5 i JH K 2% Dowdy
T 2N, 5 2 5 /) BRUAF TS R T34A AL fRcDNA
1) 5t FipTAT-msvI34AHH &) % 1+ 4 2, HepG2.
TC-1. B16 }XHEK2934H il £k i A< 5286 == (R AT, E.coli
BL21(DE3)# £l H Novagen/s ], Ni-NTA Agarosell
F Qiagen’/A #, HiTrap QFF 1 mLE 1 )Z#T#E. HiTrap
5 mLJIE 410 5 GEA w], DAPLY 4k 71 £ 6 1L
FAEY A, EE ST EAREN ANEBA F], ECL
AW, FITC% Y6 hxid ik 57 &2 1 H Pierce Biotech-
nology A v, L FEE FI(BSA). LB FRILIY A I
WA TREA W], RYUEIEHR 2 DUk, HRPAR
AT RIgGHUAI I T M 48 A 7], BCAZE
R B R % D W G-250 4 (. it
B B E R AH .
1.2 EZENE

AR A RS FEAR (Sanyo, HAS), 2 HLTK R
4i(Bio-rad, ), »¢ )63 E B b (Leica, fi[H), izt
A WA (BD, FE[H), Hidivd 7k 290 f L(Backman, 35 [H),
1.3 TAT-msvI34AGHE ERMFTIXEE

W 235 FURipTAT-HA . pTAT-msvT34A 54k K W
FF 1R 2 1A PRBL2 1(DE3) Jak 57 2% 41 Jfd, kB 4% 1L pTAT-
msvT34A TR P E 6/ PR ST B B 5 . e ALpTAT-
HAJJ K7 S B B 1A B0 5 [ B 7%, 2 Bl T2 mL 7
100 pg/mL2d, % 75 55 LB 14 15 7% %, 37 °CHE IR

200 r/min, FrFERA. H R BRI B ETZ1:100
¥4 T4 mL100 pg/mL% W 5 57 3 LB A 7%
e 37 °CHEPR200 t/min, 37 °CHz 74 h(ODA £40.6),
HN200 pL A O, UTVE T IIA30 pL SDS-PAGE ik
L REGE MO, AE R SR . TR A R R AR
IPTG % 44 i 431 mmol/L, 30 °CHEIK200 r/minZk 45
7810 h, #HA S5 #1100 pLE0F B, i in
A30 puL SDS-PAGEHJK FAEGE M. Fi5 AT G FE
A ZE10 min, F-HU15 pLEATSDS-PAGE LK, K FEIK
JRAE300 mA UK FAHIR AT 4 22 B 1 1E1T120 min, 5%
JE 2= 9537 °Ct 4130 min, J5f 1A 1: 400 B e A7
TR 2 i P, 4 °CWF B MR 4T 4 2= BT 7%, TBST
VENATR, RFIXS min, 355 1A 1:2 0005 BEHRPAR L
PilgGHiik, 37 °CiFF 1 h, TBSTYEAF4YK, £FIXS min,
ECL{E oy 5 6, 5 % 1k 7 %
1.4 EHEFIHL

W3Rk H B AR s Y KR 92 21 LY
100 pg/mLZ ' 7 % Z LB A K% 77 3 v, 200 r/min,
37 °CH57%4 WG INIPTG 32 294K 5 >4 1 mmol/L, 30 °C
ARELEEFR10 h, B0 FF B3, DU FHPBSZE Mo i
2%, 10 mLTE 4 24 fi# (100 mmol/L NaH,PO,,
10 mmol/L Tris-HCI, 8 mol/L Urea, pHS.0), 7K 75 (1)
FA00 W, HiE10's, [A]4c10 s, 10 min), 4 °C 10 000 r/min
290020 min, H F3E, 1% BQIAGENZ the QIAex-
pressionist TMA [ 44k 2 e v W] 2l4k, T T ek
b ¥ 1 7R 2L T 5 NI-NTAL IS B Uk 44¢5:(1.5~2)
AARLEAE4 °CIRAIMEE2 h, 1 000 r/minf.0, HIPESE
WA pH I 426.3) VeI ITE2IK, AR G MR vk
IR (LA i pH I 254.5) PRI (LA v v ik
25250 mmol/L, pH4.5). PEMi I R - ik
14 23500 mmol/L, pH4.5)¥E It il & 8 11, 20 5 B3k
Ve v A SDS-PAGE HL K, 25 1 M o W5 G (2 0 4% B
FIDE AR O, B 5 H B B DR S

FH20 mmol/L Hepes¥ i # B A i Al 2 Ay 4l
PRI HE PR 22 Na W 5 2450 mmol/L, JRFZHURE
4 mol/L, i HiTrap QFF &)= AT AT, Je HIEGRIRA
(50 mmol/L NaCl, 20 mmol/L Hepes, pH8.0) JEi%21K,
TP #B (500 mmol/L NaCl, 20 mmol/L Hepes,
pH8.0)J% 42X, & Jo H YE I ¥ (1.6 mmol/L NaCl,
20 mmol/L Hepes, pH8.0)¥t:/lii H I & .

FH 55 10% H il ({9 PBS P i HiTrap Bt £ 4%, 48 =
W 18 A e A A0 IO ) B P v B R AT,
10% H 3l FRIPBSYENR, 0.22 pmyE 2% 5d JERR 1, ~70 °C
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URAE o S IR AR R S o5 2T BT A )2
M o T IS5 a4l D BRI YL A5 ul, IS ik
R E HUk EREZZ T, 21T SDS-PAGEHLIK, % 1
Wil e ta, 7oy a5, B i BandScan#t i 1555
T oy it S — D A i H R B Al
1.5 FITCHricp & &EAREES IR

Z IR UGS, FITCSy W) 5 ali 4k i) il 4 4R
F. BSA¥ /K LL15: 14 Lt 451 £EpHS.Of |2 £k 2% b
Wb Z IR h, HiTrap/it 2545 22 8 A 454 IR FITC,
B bric Rl & 2 1. BSAY 5l fiy 44 W FITC-TAT-ms-
VI34AFIFITC-BSA. Hf 4k T 45 50 4= K W T HepG2.
TC-1. B16. HEK2934 fuf& A% F-24FL4%, 17 40 M i
4 BE 3590%I5F, il AFITC-TAT-msvT34A%E [, ffi 1
2 1 43 53] 2950 nmol/LAT100 nmol/L | 4 /NI J8 4
AN AL, RIS A X I FT100 nmol/L [ FITC-BSA
Xif HE, AR AR FRAAAN R AL, 37 °CHRSEE5 7730 min.
BB A1 B 11 25 Kb BEAH vh R3S S LR 2 RE IR, TG
B A VR VR TR VA2, 0.25% )i 2K 11 1l 1Y 4k, PBSYE %
3V, Ak, U 2 i M A FITCE 3 K4 I 5% 5 40 i 1 43
to 59— FLA1 IPBSYESR3 1K, DAPIYL )5 9 ) )
BT ER JEAH
1.6 FitAE

K HGraphPad Prism4% {4 JE 17 £ 45 73 #r, SC46
4 I Dlmeans+SDEK /R, {2 2 P K 50 K FH oA 56, LA
P<0.054 2 AT Gt 275 o 0 53l LU AN [R5 i
&8 A S HepG2. TC-1. B16. HEK29345: 41 Jf bk
R 50 BSAMH SRR 2 GH B EEE R

2 H#HR
2.1 TAT-msvT34A % F25+E (&)

El FAEATAT-msVI34AL FEMTER
Fig.1 Molecular structure of fusion protein TAT-msvT34A

2.2 TAT-msvI34AGIE EHMRIZLETE

Western blot4h 4 i 7, 228 kDakb P T 4f 5+
M4, SRS S REMEREERE, BFESEH
(8 Rk it T A (E2) .

AL T ORI TAT-msvT34A 164 B FR(1~6)FT5 4L T IR p TAT-HATF)
IANEBR(D)LE3T CCHIPTGRIRE FRE T 15 385 774 h(1~6), Z JF{E30 °C
HIPTG S 159710 h(1'~6"1 b%), 73 B k. —HUA St i
TP 52 s B U, —PUHRPARC I L i fleGHifk, 1628 kDak
N AT Rt & G S

Bacterial colonies containing vector pTAT-msvT34A (1~6) and bacterial
colony containing vector pTAT-HA (b) were cultured for 4 hours at 37 °C,
and then were induced with IPTG for 10 hours (1’~6’, b”) at 30 °C. The
primary antibody was rabbit anti-mouse survivin polyclonal antibody
and secondary antibody was goat anti-rabbit IgG-HRP, and the positive
band was visible at about 28 kDa.

[E]2 Western bloti& | TAT-msvT34AG8 & & B HIRIA
Fig.2 Screening of the expression of TAT-msvT34A fusion
protein in E.coli by Western blot

23 HHEBRAEK

Rl 2R 11 44k )5 4 SDS-PAGE R [ Hiik . % 1
Wit WS S5 B3R, 1T L7E28 kDa kK /M B AT
5 2%, FBandScanf fF 4 M vt FL2E R EMT . &

1: ZRIETAT-msvT34 AR & 2 1 BRARRG 20 SR A2 Hr 2l 40 1 il
;30 KR A = W FEHITrap QFFALAL N fl& 82 15 40 &
HiTrap it &k 8E 20 4lith )5 Rl & 8 1 50 BSAXT I M: 25 [ i)
THEERML

1: the TAT-msvT34A proteins expressed in E.coli sonicated lysates; 2:
fusion protein purified by affinity chromatography; 3: fusion protein
purified by HiTrap QFF column; 4: fusion protein purified by HiTrap
desalting column; 5: BSA; M: protein molecular weights marker.

E3 TAT-msvT34ARES 4h{k ZE HSDS-PAGEH X E K
Fig.3 Coomassie-stained SDS-PAGE gel showing purifica-
tion of TAT-msvT34A protein
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TAEAMT o3 TR 4 P BRAlAL J5 B AR i 4l
BE, 3BTk 79% 92%. 98%, FHBCAZE [ 5 il 52
TR G A fe & Al 1 H R HE R S P IA6 mg/mL,
ZHH 1 LRSS SR, mA&naibi HiE N
2180 mg.
2.4 FITCHrCREE & B SR EEH N

I 240 AR I 4, FITC-TAT-msvT34A7E
50 nmol/LA1100 nmol/Lik % #; FHepG2. TC-1. B16
JCHEK293 45 41 Jitd Bk (1) 280 % 43 0l v] 12540%H160% LA
b, 1 % BFITC-BSAZE 100 nmol/LA% 5 41 i [¥) 25 %
INT2%((FR1 El4). GiF o Bor, AR ARG
10 [ — 41 i () 5 0% 5 0 B LU A et 2 2%
JE(P<0.01), Pt A4l LA A M50 nmol/LF1100 nmol/L
FITC-TAT-msvT34A%HepG2. TC-141 bk i 5 3 %
556t FR A LE B in P LS o 2 S A B AR s
50 nmol/L. 100 nmol/L#J FITC-TAT-msvT34A A

#*P<0.01 5FITC-BSAX AR LL 5
#P<0.01 vs FITC-BSA.

E4 Ft&EAMHepG2. TC-1. B16FIHEK2934AR0AY4E

Y

Fig.4 The transduction efficiency of the fusion protein in
HepG2, TC-1, B16 and HEK293 cells

F1 BEEA%SHMEMERMEM S

Table 1 Transduction efficiency of fusion protein to cells tested by flow cytometry

EASHIEN Transduction efficiency

Types of proteins HepG24H i TC-141)1E B164t fi HEK29341 iy
HepG2 cells TC-1 cells B16 cells HEK?293 cells

FITC-BSA(100 nmol/L) 1.88+0.08 1.634+0.11 1.40+0.17 1.73+0.20

FITC-TAT-msvT34A(50 nmol/L) 43.80+2.51* 44.0942.03* 42.274+0.43* 42.71+2.44%

FITC-TAT-msvT34A(100 nmol/L) 60.26 +3.93* 73.31£1.19* 62.16+3.13* 74.82+5.89%

#P<0.01 SFITC-BSAX I AH HL#L
#P<0.01 vs FITC-BSA.

A il R FDO Hep G2 IR K S 2808 B [l 8 X TC- 14T e 5 200

A: the transduction efficiency of fusion protein to HepG2 cells; B: transduction efficiency of fusion protein to TC-1 cells.
E5 RSN RS E B X HepG2 AN TC- 1B EE S E

Fig.5 Flow cytometry analysis in the transduction efficiency of fusion protein to HepG2 and TC-1 cells
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HepG2411 bk, (02640 M0 5 73 EE ATk 50% LA |
X #3100 nmol/LI¥JFITC-BSA L #41 B 1 (1€ 6), TC-1.

B16 )2 HEK 29341 Mo kA il 45 S 5 Hep G241 f 2 A —
&R AR,

P96 MBI 2250 nmol/L(B)A1100 nmol/L(C)HI TAT-msv T34 AR ¢ 25 [ 4k 8141 FLAT 4% €96 6 I AN T 1A 50% LA L, T %) FEBS A Lb #4141 i )L T-

TELRI(A)

Fluorescence microscopy showed that the transduction efficiency of TAT-msvT34A to HepG2 cell could reach to 50% at the concentration 50 nmol/L(B)

and 100 nmol/L(C), while no transduction was observed in the treatment group with FITC-BSA(A).
El6 Tk BMERNTAT-msvI34ARE A E B4 SHepG2 AR R
Fig.6 The transduction efficiency of the fusion protein TAT-msvT34A assayed by fluorescence microscopy

3 Wie

It 4 6 T L PR 28 0 ] P, 4 B0 1 5
FEEIT IR AR H 2 52 2 AL, 75 3 IR 40 1 2
J8 A HRTR T WE ST AR e AR AROM 2R T
el 2 S P o7 U P8 4 0 ) S 4L AR 1 2 H AT
UESE/LDIS N T 0 S E NI TN ke et/ e R Tl Tt
i PR S5 B R I A7 AEAR 22 T, )y H F) 35 [A]
A6 T A RAT R o 40 55 4% 326 21 40 Ji A
RAEAE R BEANG YT R RE A IRGE 7 DY A%
A ALy S BEAL, TR SRR T AT R s, BEFLL
FLEVIR YT [ A A T 5 <500 Daffy K
PEor 7 VRN REN) . T3 AN SN SE D 1) 5 72

AT 5 AT Cn B 25 2 AR TP R AR o B B ARV
(Un G A Gk P 2 . SR, AT — LA
F1 e R[] A7 0 SRy PR o 1 5, NI A U R
eI AE T2 A0 A% (R SR BB, A RE AR BT A Y
T E A, TR H B RO 5 A A
PR S, A REARIE SR P AR IN ik
AT B (s R, R AR T A SN
B IR g e, SR VF 22900 B AU B AT W A L 4
I e, s 7 AR N A DR A1 T e R AR 1
UK, TR LA SR 2 S B HE 7 B 2 S S 2
AEFITERK, DA KA S e il 453 56 8 v 38 Ao 75 49 1A
ek, 55 ARG AR BRI BATR 2 4, (HIX 8
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JPFEA AR SRR AR, BN E T ™, 5
A 258 1R BE B RD TG oA A JL S5 T iR AR L, R AR
e R e I 40 i A % AE H (endocytosis) (1) 77 2
WK H 08 A8 SR LT Brg R 41 i &
FEILAE W22 300, T TG B S 40 P 2k

H T, B NS R R, A S 2=
DRe ] LAGS 3 e 40 Bukr e M T ARIE R D ReAE
HEAG AT ORI, AR R e R E R A
e FE IR TE . REARAFEW 2 DhRefE AL b BA IRy 1k,
2N BRI AETE R R AR AR I AR R T
FEPURIE S AR 40 fR i T R A S . L
BARZ ST R I s, RIAF &2 < SR
BRI SRR X — R AP w2
SUFEM . AW FRRIEAL I TAT 54775 R T34A
Fil G B SR R A iU SRR AR R B TER
IR IR S AR R VP 5 IR R4 e ok, Ayl — 20 DUAY
T 2 O R AT BRI SRR A T AR

BE DR TR K o A T 3k 1) AU R 1 B
FLIRAR T XAEAE, DLELIRARTE XERIA 1 E 41 B 4
SRR m Rk, H 5 T alith, Ax TR A
(R Bk U, Sk CAEIEH E 24N HE. TAT-ms-
VI34ARNG R E R 2 AR TR N, Tsiss
H BRA TR Al Ak 1) Rl B VAT IE AT Sk, R HFITC
brid Ja# S HepG24N i, (H45 K BoR, @A & A i
50 nmol/LF1100 nmol/Lx§HepG24 Jii (1) % 5 3k %4y
AL A 11.91%H124.20%(45 R AR B ). B, FAlT
SRR Al AR PR B bRl Je L T Hep G241
Wl F o, g5 ORI R AR R R A S
e TEMEE AW AR, RATKE TAT-msv-
T34ARN 5 8 A /AR & AF T # FHepG. TC-1.,
B16ATHEK293 4 Jf, 5[ 52 (100 nmol/L)#% T 251 %
B AT ik60%LL | Dowdy fi 2529 iF 57 R W, £
HTAT il & & AR ARR A X 40 B i e 5 3R
EEmTHIEMmTTENEEED, AR RE52W)
B0 [RGB ETE NN M 1T HE LS BT AR AT
TR R T LT S Z kg, At
FEEOIG TR, N B 1 Al 5 R 1 n) DA s A g
JoT N R A e T Hsp90 5 4 A8 B Bl B 1k, 1T &
FELEW 0N o AR BATIZR AR 24 IR Rk 2 1 E N4
W5 Be 7 F Bl &k, TP Py YR A 2R
e S Fo75 3 40 M o T i ORI A A e BHR I A
IR,

EBIRAHIT S HH ) 3 1) il B 11 20 I TAT 5 A3
MR, (H B AR AT ST R R SR B S Ay
(IRl 5 R E B, BATE A8 SRR S
B FUE N 3 AR O TAT 4N i %38 ik 1) 2 g7
T, TATEH 3 % 35 IRk N 40 8 PR AL 1 3 O 6 4 W]
i, A7 58 A 40 5 O KA 5 ity (1 1 R A 5 4
PR BT e G H i A B LA 5| R AR Y A
P& H 2 IR = LN . BIFFCUEW], TATI Rl & &
FILE AR A A1 35 BE e R E N 48 JHP s AT 9 3o,
TAT-msvT34AR & & A RSN R A B R K 404 5
RUAE, FAEVR P A M S RORIAT Rr il — DI
ASHIE 5 e TK 2 AL (¥ i A B (M HepG2, TC-1.
B16FTHEK 29345 DU R 41 j bk 25 5 A7 5w 1) % 3 2%
HE, (EANFIFHSEGH R e AL REMS AT 2257 . [, A
S A RPETR, v A0 B TR A B IR
A AN Ak . Rl 2R 1 TAT-msvT34A7E
AEE LA AT e R S A, 4 Bkl R
5 3 IR A0 L O T SRR AT U BEE T A
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Prokaryotic Expression and Purification of the Recombination Protein Con-
taining Cell-penetrating TAT Peptide and Mouse SurvivinT34A Mutant:
Investigation of Its Transduction Efficiency in Cells

Yu Haitao'?, Chen Keda?, Ni Ya'?, Yan Hui’*
('School of Medical Lab Science, Wenzhou Medical College, Wenzhou 325035, China;
*Zhejiang Academy of Medical Sciences, Hangzhou 310013, China)

Abstract The expression and purification of the recombination protein TAT-msvT34A consisting of
mice survivinT34A mutant fused with cell-penetrating TAT peptide and its transduction efficiency in several tumor
and non-tumor cell lines were investigated. In this study, the prokaryotic expression vector pTAT-msvT34A was
transformed into expression strain of E.coli BL21-DE3 and subsequently the transformed bacteria were induced by
IPTG for expression of the recombinant protein. It was shown that the recombinant fusion protein was accumulated
mainly in inclusion body and was purified up to a purity of 98% by the sequential application of affinity, ion
exchange, and size-exclusion chromatographies. The transduction efficiency of the fusion protein labeled with
FITC (FITC-TAT-msvT34A) in HepG2, TC-1, B16 and HEK293 cells was assayed by flow cytometry. It was
shown that up to 60% of cells could be transduced at as low as the concentration 100 nmol/L of the protein. In
contrast, the transduction efficiency of control BSA labeled with FITC was nearly neglectable, and it is statistically
significant(P<0.01). On the other hand, the observation under fluorescence microscopy demonstrated that the
transduction efficiency of TAT-msvT34A to HepG2 cell could reach up to 50% as well at the concentration 50 nmol/L
and 100 nmol/L, while almost no transduction was observed in the cells treated with the control of FITC-labeled
BSA. Therefore, we concluded that the prokaryotic expression fusion protein TAT-msvT34A could transduce
HepG2, TC-1, B16 and HEK?293 lines with high efficiency, which offered the potential for its application as an anti-
tumor reagent in the future.
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