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Expression of Tumstatiniss»30-TRAIL fusion protein and identification of its biological functions
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[ABSTRACT] Objective: To express Tumstatinigs2s- TRAIL fusion protein and to observe its biological functions. Methods:
SOE-ing PCR was employed to amplify the recombinant sequence of Tumstatings»; and TNF-related apoptosis-inducing ligand
(TRAIL 1, 261). An expression vector pMAL-Tu-T was constructed by inserting Tu-T sequence into pMAL-c, ; the vector was
used to transfect E. coli BL21 (DE3) and expression of MBP-Tu-T fusion protein was induced by IPTG. Amylose Resin
columns were employed to purify the fusion protein. The biological functions of MBP-Tu-T protein was examined by inhibitory
test of endothelial cell proliferation, standard tumor cell cytotoxic assay, in wvitro tube formation inhibition, and electron
microscopic observation (apoptosis). Results; The expression rate of MBP-Tu-T fusion protein in E. coli was about 20%.
Purified recombinant protein obviously inhibited endothelial cell proliferation (IC; 12. 5 pg/ml ), induced apoptosis of
pancreatic cancer cells, and inhibited tube formation. Conclusion: Constructed MBP-Tu-T fusion protein is bifunctional, which
lays a solid foundation for further investigation of antitumor effect of Tumstatinigs 250~ TRAIL in vivo.
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AWFFE W Tumstatingss2so 5 TRAIL & H ¥ 5
PEATRES R S A K A U5 T 0K AL RS R
H LIPS 8 E AR S I REEAT S8, A BB
A BEH A TRAIL o5 5 M 40 i 98 1= X B A
Tumstatinass 250 37 il i 83 7 A= 1l 8 9 Bz 40 M A= K AR
B REE 1, O 0E— 25 B0 R F 5 24 7 JE Al
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1.1 E&MAZRMN  KBHATE BL21, FOR 4k
pMAL-c, . pBV220, pBV-TRAIL, pBV-Tumstatin,
B K N B2 40 ECV304 41, AR AR IH A 9 b
AN SW1990 A % R A7, /N £ 5k il 4 3K 71
& \DNA Jig [m il ) & W B 42 2% A W) TR A vl
PCR 50 & & il BR 1 g S % H2 i B TaKaRa 2%
H . GERZETAE MBP (22 28045 6 8 1D flvg 8 11
alifb i A VE M W B 4 B New England Biolabs
NEIIN

1.2 314+ ARG GenBank 1% #0 & A
TRAIL W) 4t ¥ 51, W F PrimePrimier5. 0 #{F1%
WY W eEKHFEGBERGI Y. FH0TF. 509 1
(P1):5-GC GAA TTC ACA ATG CGA GCC
AGC CCA TTT C-3",5"3 5] A2 EcoR T BV 5
(FRIZ) ;519 2(P2).5-AGA TCC ACC TGA
GCC ACC ACC TAA TTG CCC AGC TTT CAC-
37,5 i 5l N SR R (TR 519 3(P3).
5'-GGC GGC TCA GGT GGA TCT GGT GTG
AGA GAA AGA GGT C-3',5'sm5l A 559 2 &
AR EEE R E R CFRIZ) ;519 4(P) . 5'-CG
GGA TCC TTA GCC AAC TTA-3'.5'5| A BamH
1 BN CR RIS . s m A TAEY T
TR AR MRS BRA F A A

1.3 pMAL-TuT k& H ke ME LI pBV220-
Tumstatin il pBV220-TRAIL R B, LI P1~
P4 A5, R A E 4 PCR £ R ¥ 13545 a4 3 AW
Tu-T. K izl A 55 B R 3R 35 #ik pMAL-c, 43 5l £
EcoR T Ml BamH T B, n1 A7 B Fr B s FH T4
M ER A A R B AR R I AF A BL21, &Y
i 36 K B A TR 44 8 pMAL-Tu-T, i% L1 9 52
Gok7/E 5 3 /NI R DS

1.4 pMAL-Tu-T #9# F &k B PH % vi B 4 Fh
LB B {RRE 5 (F &N 5% % 100 mg/L), T 37°C
gk 24 h, PRMCRASTEIE R T LB WK I 5S35 &R

(FREFHFHEE 100 mg/L), T 37°CIRERE IR 12~
14 h, SR JE 4 1 2 100 19 b i) 322 B[R] B K5 9% 3%,
3TCHRIERGF 4~6 h, ¥EFRE DefH N 0.5~0.8,
PL 0.3 mmol/L IPTG %S 4 h, LA %S B HEAE B
PEXT IR R B % 1 B R A% B LD L SDS-PAGE
E Tu-T WFEIL,

1.5 &@& MBP-TuT #sit ¥ —20°C RS
R A T T ad R 22 W (20 mmol/L PBS Tris-
HCI,200 mmol/L. NaCl .1 mmol/L. EDTA) 7/ i
BE .12 000X g B0 10 min, 1o 28 wh ik 15 % 14 R
AR, LA 1 ml/min B9 00K 1T I AR, R SR LR
PRI S5 A 5 AT A R AR B R B A 25 5 &, VR
WG A28 W 410 mmol/L 22 ZF4) ¥ i, Il 42 Uk
Jii . SDS-PAGE %% ,

1.6 MTT 4 m i g sh k) & 96 FLIEF M
LN 410" ECV304 418 (RPMI 1640 + 0.5%
FCS), B 37°C.5% CO. ¥ FA IR, 24 h 5 7 KK
FRWL AL 100 ] F 8 TR BE AT A% LA B 1 2l Ak
MBP-Tu-T, Lk MBP-TRAIL 4 FH % %f #8, MBP &
B VE X B8, AR P47 3 B AL 4Rk 37 24 h 5 B8
FEM ) RE SR WA L 0. 5 mg/ml B MTT # W . 4k
SEAE 37°C 5% COMMEE T 9% 4 h 55 B3, m
100 pl DMSO Z 58 2 il J5 15 595 nm BFR AL A&
I B W R (%) = (Daguw — Dowm ) /
Dospm X 10095, VAR R B9 7 8 W g2 Bl & 25 1 X
SW1990 ZH ML i 1EHI .

1.7 w4tal SW1990 28 = ¥ MBP-Tu-T
FAE K B SW1990 4 T /6 4 h )5 . 6%
OUREE AH M AT AR B L B RS IE R L 5 R R IR
FUETE A FEA0 L, PBS B Uk 2 Yk, FH IR 1 5 1k 40
JNE IR AT 40 M, 600 X g 10 min B850 Y4 40 L 7 1
PBS B U5 Ve 40 L AR 5 P RSO AR A R S
A Y0 22 5 T I I A M, TR RE AR T R N R AT 4
JitL, 76 HLBE T ULER

1.8 M EBEERHRE 50 ul M EC-
Matrix ™A 96 fLIEFFMR.37°CHEF 1 h FFEEE .,
AR HUEZ M ECV304 4042 Fh 21 1R 09k 19 15
FEW L RJEIA 1 pg/ml B MBP-Tu-T, % B A
AR BSA, LR ERE 3 K, difE 37°C 5%
CO, 5 M T Ak S35 57, 5597 4.6.8 h J5 WS 52 56 241
Xof HE A 22 18] N B 200 Jf 45 R HE S 1 400

1.9 itz BARH SAS 6.0 B fTAb 2,
DU 20 18] He 3 A Kruskal Wallis Test 7. PI4H [A] H
B A Mann-Whitney U ¥,
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2.1 TuT%BEI6KRZ LLPL.P2 5.
pBV-Tumstatin K&, PR 1F T 7 A &0 IR % 15
A9 Tumstatinisses0 F BE A (180 bp); UL P3.P4 K5l
Y1, UL pBV-TRAIL MBI, R34 A 2 5 iR % 48
1) TRAIL 06 A BE B(540 bp), B J5 L A B Ry #
B, DL P1.P4 S5l Wy, 15 84 A & kW i B2 5
Tumstatinisszs- TRAIL s @l & 28 H Tu-T (720
bp) Sl 751 . 196 SR A H Uk 48 45 21 (& 1) 5 1
W—3.

1 ' | 3 4 5 L] T M bp

HINI
SN
2

Bl 1 PCR =¥ 3R A5 ¥ 5E AL FR ik 45 R
Fig 1 Agarose gel electrophoresis of PCR products
1,2: Tumstatinigz 2303 354: TRAIL; 5-7.Tu-T; M. Marker

2.2 TuTRABARGMAERLEE H ToT
% pMAL-c, % 35 21, $k BCFH P o B £ 1 75 PCR
(F 2) R U %o (R 3) 25 5 n] DL AH I R /N 2 1k
K H MR R By &4, PS5 R KW To-T WP
515 GenBank 0¥ ¢ 1 P 41 58 45— 2L,

i 2 } 4 M bp

Bl 2 pMAL-Tu-TEAFHEZE PCR EE
Fig 2 PCR analysis of pMAL-Tu-T
1-4: pMAL-c;-Tu-T; M; Marker

hp ("] i 2 1 i

B 3 FARZEHME pMAL-Tu-T WETIETE

Fig 3 Restriction enzyme digestion of

recombinant expression plasmid pMAL-Tu-T
M:Marker; 1-4:pMAL-c;-Tu-T (BamH T +EcoR 1)

2.3 pMAL-Tu-T @& & &G 65 i% F ik R4k
5 FRWLAE 66 000 b A — B ME AW (B 4. 5
MBP-Tu-T #ig i —3., &H#M o, Rixk#EA N
PRLEVEE 1 20 %0 DL b, M R e R TR S AR R .
KR A EMZNr A aifb 15 2l @A & MBP-Tu-T,
AHXF 43 T i 24 66 000,

Lt L 1 | ! El L

Ty [H e

B 4 MBP-Tu-T @& EHRILH SDS-PAGE £ E
Fig 4 SDS-PAGE analysis of fusion protein pMAL-Tu-T
1:BL21 strain without plasmid; 2: Inclusion body of tumstatin ex-
pressing clone after ultrasonic treatment; M Molecular marker; 3.
Supernatant of tumstatin expressing clone after ultrasonic treatment;
4. Purified rh-MBP-Tu-T; 5: Clones of BL21 transformed with
pMAL-c;-tumstatin-TRAIL after induction

2.4 @mAFZFOMNAR@EAgAFER R
(K 5) % . MBP-Tu-T. MBP-Tumstatinissso
MBP-TRAIL F MBP X} P f 4 i 3% 58 #0017 F 8]
()22 5 BA it X (P<<0. 000 1), H:# MBP-
Tu-T Fl MBP-Tumstatin,g 0 H A 5 58 A9 370 il 1
FH SR 5 T MBP-TRAIL Al MBP U] 35 47
S A 3 AR . FEEF MBP-Tu-T 5 MBP-Tum-
statingg o0 EH2ZE ST N EREW - HER
ANEAGH X (P=0.406 2 > 0.05),#/~ Tu-
T falG 8 1) P R 40 B B RO i R Y
Tumstatinggs»z wp 75|

tH1
== WINPT T

E L i WIIP- T
B 1] . R HIF PR
o
E F Wi = NP
=F =
=
E 22 M
= k|
5

£}

n

BIRC2S 1625 B3 625 (1S 3 g0

Prulein concemaion % jwgel '

5 MBP-Tu-T @& E AX ECV304 40 B i 1 58 3 1 4 A
Fig 5 Inhibition of endothelial cell proliferation by MBP-Tu-T
** P<0.01 vs MBP;n=7,7=%s
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2.5 @RAEZEEGS SWI1990 mAney F4E4ER MTT
000 S 24N B O R XA R S5 R R W] L 4 R R B R
SW1990 4 it A% 15 1 FH 1] 19 25 5 BA e i 2% 3 X
(P=0.000 121<C0. 000 1), H ' MBP-Tu-T M
MBP-TRAIL HA #5819 A4 1 15 F O 522 70 5 408 5
Il MBP-Tumstatiniss2s A1 MBP 41 20 Jifg W] A B &,
MBP-Tu-T Fl MBP-TRAIL (% 1E ] 22 5 JC 4 it 2%
B (P=0.565>0.05),#/;~ Tu-T A& &EHA X
SW1990 4t fs i) 7% 43 VE F 2 R fil & 25 1 1 TRAIL
WG A (B 6), 8] B BT R g4 R R B
XF B2 F1 MBP-Tumstatingss o50 25 4 21 401 M 4 K 482
U JE S (B 7A) 51 MBP-Tu-T 2§ 418 5%
R WYt AR R LA A s A A TR T O e g o L I
T 140 440 L i ) ) B 2 37 1 22, U R A K Y A i AR
15 55 B L M BT UKL 1S 22 9 AT UL 48 B RRE vt (K
TB), MU LAHED Tu-T @A & 5 AR G
SW1990 4 fafE & TRAIL #4251 &8 .

120

L]
]

il

SWI0G cell pelative viahilHiss)

BOIl DalET o356 05567 LAY 5 15

Protzin concanmtrmion % agml ')

6 MBP-Tu-T B & & B X SW1990 i) 48 Bl 5% % 1€ F
Fig 6 Cytotoxic effect against SW1990
cell by fusion proteins by MBP-Tu-T
** P<0.01 vs MBP-Tu-T;n=7. x+s

B7 BEIEZRMET SWI90 HMEMEENE
Fig 7 SW1990 cells under microscope
A:Normal cell morphology;B: Cell apoptosis induced by MBP/Tu-T.

Original magnification: X 250

2.6 @AFZFGA SWI1990 e A =%  MBP-
Tu-TEAJGEH SW1990 4, &AM E R . 5
1EH SW1990 4 it (& 8 ADAH H HLAA I8 T-AF oie 4, mf
NGl I R A S OR 28 R e S LN 2 o A
FCILBR () 25 WL S5 K (TR 8B 5 U8 T2 11 a 3001 200 Jfa A% 1) %
o 5 e B R SR L Gk (I 8C) 5 U T G 3 4 A 4 4
20 L R LAT 0 PN o 0 A 2R A B B T /MR
(K 8D ), 4 %W MBP-Tu-T fEfSIE S SW1990
MM,

2.7 ARSNERE AT H R 45 H R M R T
HYEE 20 78 11 MBP-Tumstatingg;zs fl MBP-Tu-T fE
FH 4 b N A S TR IR 2% 56 h i MBP-Tum-
statinggs o5 4155 I & A2 3 SEVEBE IR (B 9A) L 1T MBP-
Tu-T Bk T8 I 1% S PRk IR Z 41 L 3 Bz 40 i ik &
AT AT (B 9B) 58 h I T AR FH A P e 4
JiLAE J L 52 4 % YR, T 0k BR 445 e O R B (I

B8 SWI1990 i EMELER

Fig 8 Scanning electron microscopic pictures of SW1990 cells

A :Normal SW1990 cell; B:Nuclear rippled; C:Chromatin margination; D: Apoptotic body. Original magnification: X6 000
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Fig 9 Inhibition of ECV304 tube formation on
ECM atricTM by recombinant protein
A :MBP-Tumstatinigs 230 treated group (after 6 hours); B: MBP-Tu-

T treated group (after 6 hours) ;C: Negative control. Original magni-

fication: X 250
3 04 i

HHT. TRAIL & #F Al R B, o 1T R
L BB I JeE 5 L (FL SR A 2 iR 40 i X TRAIL Jf
KR EE 2 25 B RTINS R AE i T 32
TRAIL 355 08 T 02 Hh T 0/ 1738 2% o 4 ) [ 3%
T 5 P B R B R RS L BB T A2 ARG 2R 5K RS
L NS VNN TS N 1 11 B O o e A I L
PEE A 1 TRAIL 2K % T 5 42 &K ¥ TRAIL
BT b 96 T BE RN e I i DR i 24 HL A Y SE PR AR
ST I AR #FSE RS Tumstatin A1 TRAIL (935
PR B AT Rl A L A 2R A5 B B AT WL RE 1 A A R A
L RENE A S P S 0 R 40 e G 0R T I 910
A LS BB %

A GE Fe iR A E T R 235 R 48 B R W #F
WAE R TE B pMAL-c. . B B A X F R4 h
42 000 1 Fikbr & MBP, A 858 ) 1] 145 19 Ptac
Ja g F R B R E S A R T E A& R T
LRI EGEA T RZIATEER., $E
SER R A 5T B I b A R A T Rk A A
F MBP-Tu-T, £EMFELEA L LA BREAN
20% LA b, AEHE— 25 I S I0WF 5 & Ak O B K
LCNOEA; ORORS = /s NI IR B SR R e | o A S
0 P R 200 B AR R b, B 10 96 1L I R B 3R W
i ECV304 40 i 9% & 3% P 0 B, i B 0. 5% FBS
14355 75 35 3K BF IR B 0% 24 15 40 A 04 A7 16 SO0/ Tl
0T 4, X5 BRAL T 8 AR K OF L 7T DL W R
MBP-Tu-T Vil N Bz 20 B 34 58 A e 0 . S8R AS R) 4
X AE ¥ 0 ) T A2 0 R TR B SW1990 4 it 7E
IR BE RS IR A, DR 1 5 AR L A 40 i

iRk AP SN E R (e R B o s i i)
PR INZ R RS AR R0 Y. R
£ 0 DA G S0 T R PRI T R A L O Sl e

JEANML , ARSCYE IE A TRAIL X 1E & 41 %A
B 2 ) 25 B AVE T, i Tumstatinisszso B8 B W (19 49
il A2 40 635 B 1 R L R B0 9F MBP-Tu-T &
T RE % P £F Tumstatinis; 250 £ 36 M5 5 B A
TRAIL fE#535 S SW1990 40 M i T, % H A R 58 1Y
FAGVER, R B E MBP/ Tu-T 27 B A TRAIL k¢
T EE AT R T A TR D ) ik 5 2 — 2B
ST R R AR N R R L R AL
PR KO R P A A R 8 B 1) 4 T R Y ol PN
21 OR35S Pl R 40 4 T S A e g 4 2 A
BB, KA T XL A B g 16 L A B 5 4 1) 1 R
P9 BE 5 T SE Ak, AR Rl B AR AR Y Y A 2
TEPERE IR M L AE R NRE R E Rk H &L —
BRI
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