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Expression of Kininogen D5 ,,s-TRAIL,,,,, fusion protein and its angiogenesis-
inhibiting and apoptosis-inducing effect

ZONG Ying, WANG Liang-hua’, SUN Ming-juan’, DONG Xiao-yi’, WANG Yan’, LU Guo-cai', JIAO Bing-hua"
(1. Center for Drug Evaluation, Second Military Medical University, Shanghai 200433, China; 2. Department of Bio-
chemistry and Molecular Biology, College of Basic Medical Sciences, Second Military Medical University, Shanghai
200433, China; 3. Department of Pathophysiology, Second Military Medical University, Shanghai 200433, China )

[ Abstract ] Objective:To express Kininogen D5,,,-TRAIL, ., fusion protein using prokaryotic system and observe its
biological functions. Methods: The Kininogen D5, s gene and TNF-related apoptosis-inducing ligand ( TRAIL,,, ., ) gene
were amplified by PCR and were cloned into pMAL expression vector to construct recombinant pMAL-Kininogen D5, .
( pMAL-KD5 ), pMAL-TRAIL,,,,, ( pMAL-TRAIL ) and pMAL-Kininogen D5, ,4-TRAIL, ., ( pMAL-KT ) plasmids,
respectively. The plasmids were transformed into E. coli BL21 and were efficiently expressed after IPTG induction. The
purified MBP-KD5, MBP-TRAIL and MBP-KT proteins were obtained by amylose resin affinity purification column. The
proliferation of cells was measured by MTT; tube formation of endothelial cell was detected by tube formation assay; and
the apoptosis of cells were observed by electron microscopic and FCM. Results: Prokaryotic expression vectors pMAL-
KD5, pMAL-TRAIL and pMAL-KT and their purified fusion proteins MBP-KD5, MBP-TRAIL and MBP-KT were success-
fully obtained. MBP-KT significantly inhibited the proliferation of ECV304 endothelial cells, SW1990 pancreatic cancer
cells and the tube formation of ECV304 cells compared with those of MBP-KD5 and MBP-TRAIL. Meanwhile, MBP-KT
dose-dependently induced the apoptosis of SW1990 cells. Conclusion: Kininogen D5 ,s-TRAIL,,, ., fusion protein can
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inhibit the proliferation of tumor cells and angiogenesis of endothelial cells, which lays a foundation for further research on

tumor-targeting drugs.
[ Key words ]

angiogenesis; pancreatic neoplasms cell

FI A Folkman' " 5 HS “ Jilodd 1) A 1 R s B 0K
T A A R B B9 W SR IR T A
T—F B . 4 & O EC high molecular
weight kininogen, HK )J&—F7E Il 3% o 77 78 8 2R
F1L A 6 ADE5R 3, XY HK RN 57 40 i 4 ), 77 A=
Pefh G ALV, FUES T4 MR DS )R EE I
AR BT 43 7 O R HKa ). HKa BA A
2 20 D 4 B N 5 PN B 0 O T ) AR
Hasan 1 Reddigari %8 ** 'SIE ] HKa 38 1 H: D5 [X 5}
SN A%, Zhang e T D5 X I i
S AL T A TS PR ER A S8 HKDS . ( HKa Y 438-
526 137 )o iR IR S8 P A IR T3 T LA umor
necrosis factor related apoptosis inducing ligand,
TRAIL )Je&: TNF 8 < J HY G B3, 8 % 1 15 5 e
£ RS I TP S < v R T 7 T e ]
TRAIL i 281 2 ZE MR AN, A/NBA 114281 7
IR LSRR A & BT E TRAIL 4370,
AHFFEHS HKa FI TRAIL 8935 P 1 BOH 41 PCR B9
Jr 245 TR A AR RS A B A0 Y 160 T IR
JeR AN TP T, S T R H BB R AR iR T 2
Py S .

1 #Me5F*

L1 A#Fe i Al

E. coli BL21, Jit %7 & pMAL-c2. pBV220,
pBV220/TRAIL, A5k 4 K 241 il ECV304 FIAJEE
Jii b A SW1990 S AR % fR 17, pGnen/v5-His
kininogen F1 Dr. McCrae( Case Western Reserve Uni-
versity School of Medicine )EIS o /vt JiRz 42 05
& DNA i [l Wil 50 & W [ A2 2% AR W) TR )5
PCR 251 & | 45 Foft BR il Ml % 1% $2 1) ) TaKaRa 2>
H], RPMI 1640 1 [ Invitrogen 23 &) , 3745 4 IfiL 15
AT IO 2= 75 A W) A R Flo DNA ladder 1 [
TIANGEN A=W AR A Rl o SR MR AE MBP( 2 2F
PSS E G H A 4ifbH Amylose Resin Beads
) i New England Biolabs /2~ F] . 4B IR ME2Z =
fig SN &4 H Oncogene 75wl , R MNE S TE B G
A £ A Millipore 2 A
1.2 & # & & #H 4 pMAL-Kininogen D5, .-

high molecular weight kininogen; tumor necrosis factor related apoptosis inducing ligand( TRAIL ); anti-
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TRAIL, , ., ¥ #332
1.2.1 5Bl4% it  #R¥E GenBank H 1Y HK ( Gen-
Bank No. ABB59550 ) #1 TRAIL( GenBank No. NM _
003810 ) Y gt 18 )7 1 B iF 51 9 5149 1(P1):5'-
GCGAATTCACAATGAAACATAATCTTGGCCATG-3,
5N EcoR T BEYIAL A 514 2( P2 ):5'-AGATC-
CACCTGAGCCACCACCGCTTGCCAAATGCTCTG-3,
5" Ui I G HE IR 3% H2R 5 514 3( P3):5'-GGCGGCT-
CAGGTGGATCTGGTGTGAGAGAAAGAGGTCC-3',
55 fINAKN P2 B AR S BE R 4 R 514 4( P4 )
5'-TTGGATCCTTAGCCAACTAAAAAG-3", 5" ¥ il A
BamH T B VIL 55 514 5( PS ): 5'-TTGAATTCA-
CAATGGTGAGAGAAAGAGGTC-3",5 3l A EcoR |
BV 255 519 6( P6 ) :5'-TTGGATCCTTAGCTTGC-
CAAATGCTCT-3",5 3w il A BamH 1 B§VI07 5o BF
B B TAYABR A FA .
1.2.2 BERERABERGME 5050 P1 I P2 .P3
F1 P4 P1 A1 P4 A51%), LA pGnen/v5-His Kininogen .
pBV/TRAIL J¢ H PCR ¥ it , FIH 20 PCR 11
Jrvk, ¥ A g 2 R % 2 B W Kininogen
D5 145 -TRAIL, 5, FUEE P - BC KT ). DL P1 I P6
VIR R pGnen/v5-His Kininogen SRR DL P4
PS5 A5, pBV/TRAIL NAAR , PCR § 1475 21| 3 A
Jr Bt Kininogen D5, .5 #1 TRAIL, ., o £ 15 2 i) 3&
K =853 9 EcoR 1T Fl BamH 1 XUV, SR 5 54
[FIREXUEEY S () pMAL-C2 2l A e 422, 14~
VLA A2 25 KA BL21, BHE ST 4T EcoR
1 #1 BamH 1 3G Y %58 , A v B iy 24 5 pMAL-
KT .pMAL-KD5 £l pMAL-TRAIL, | 5255 4= ¥ H R
A B F I % o
1.3 EWZGFHFRIERENL

35 P BCE pMAL-KD5 F1 pMAL-TRAIL LA &
pMAL-KT Fkif) E. coli BI21 P55 [, & HLE Fl &
LB [EAEE 5 H 2 T HE R 100 mg/L), T37 C
FiFR 24 ho PREUCRASTETE A0 3] LB 855 5, T
37 CHRPEREFF 12 ~ 14 h, SRJGHE 1: 100 Y LU B4 Fh
[FAIFEEEFREE 37 CIRFEHEFR 4 ~6 ho TEHGFR R Dy
H40.5~0.8 J5,iMA 0.3 mmol/L 4 IPTG #k&L1%
T4 h, BOWEE TR AR . DA 5 TR BR VR B 1 ) B
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P - 20 CPRAF 78 A T A F B T ok A 92 i ( 20
mmol/L BPS Tris-HCI, 200 mmol/L NaCl, 1 mmol/L
EDTA ), #8 H BBE( 300 W, #7755 s, [ FFE 15 s ),
7000 x g B0, 2 AL i 15 SRR A (20
mV,1A ), LA 1 ml/min B EHCE B IEAE I AR 45
BEA IR E G S el (o R 2 vl
+10 mmol/L 22 ZEM Vel , s &8 i S 4lifb i B 4 2
. X}HE pMAL-KDS .pMAL-TRAIL £ pMAL-KT Jift
W3k 11 241 8 H 53 il 4w 45 29 : MBP . MBP-KD5 .
MBP-TRAIL FI MBP-KT
1.4 MTT #m 2m it 64 3 5

WCBE A AR B F2 R 38 R4 9 ECV304 441 it Bk
SW1990 #iiff, 8 96 fLAR, 1 x 10° ~/FL. H LS
F4 ~6 h J5 3% LUE, 43 A A [F] ¥R BE 1) MBP,
MBP-TRAIL , MBP-KD5 #l MBP-KT, %} fL 150 ul.
37 C 5% CO, S AT EE i 40 i 15 524 h dh 2 1%
7%,48 h J5fiMA 5 mg/ml MTT 20 pl/fL, 4k£:05 5 4
h, Z QbR SR . ANO IR ZFLINEE SR 136, JINA DMSO
AL 150 wl, 7523 10 min, {f B IR i 5C 4, 76 BREX
RS EASI Do f, TR RI A 2 X ECV304
20 B 7 A A S IR % ) = (A X
20D - L5 D )/ZS AR IRAL D x 100%
1.5 BRTG R LA & 4m fe e 5 %,

¥ 50 pl #i B ECMatrix™( Chemicon )JIITA 96
FLEEFEMR,37 CHEE 1 h £ ECMatrix™ B¢ , ¥ 150
wl AEPAR K ECV304 A2 Fh 2] Rk EC
Matrix ™32, BFL 5 x 10° ~1 x 10* 20,
SRIGIMA 1 pg/ml MBP-KT 1 1 pg/ml ) MBP-
KD5 , % BE AN A 254 1Y BSA . ZRAIAE 37 C 5% CO,
AR URSEEE 3R 2.6 .8 h J5 , WA S0 21 A0 R 4
DAL B A L AE IR HE S AR 200 | B TR AR PN A8 IR 46 4 i o
SRR (22 5 20 i A 3 k. BRI 2
T WA TR 1A50) & BaI H5 .
1.6 A mpapUen) 4 ied o

B X B A K U] AR R SW 1990 41 A, FH ik il
FEDTA BA AL LAS , il 1 x 107 A4~/ml () 48
PR, AT 6 LR T, B FLEEFR 1 x 10° A~
6,37 C 5% CO, 5% 24 h J5 , A MBP-KT, %
JRE R E 435 5 ng/ml A1 25 ng/ml, YEF 3 h
Ja L s N SR AN A . WA AN M, $E AT o X
YA I, F Annexin V -FITC Fl PI BUAx i 32 46
U a0
1.7 bt an e 8

AR AR SW1990 4 hin A MBP-KT, 2¢
JEit e B2 R 10 ng/ml. fEFI 2 h J&, 658 TR EE 4

MBS, 55 R35 35 3k, PBS 550k 2 i, FH g I L5
N IRFT AL, 400 x ¢ B5 .U SE AN, 75 H] PBS &
A, BRI 4% 19 2 R E
LB T WS A M T A RE

2 & B

2.1 Kininogen D5, TRAIL,,, », ERAA KT A H
RS OEE

PCR 735l 9" 147 A 2 5L 2 1% 425 1Y Kininogen
D5 15 3 BE AC306 bp )FIl TRAIL, 5 55 F B2
B( 528 bp ), LA A B MR, PCR ¥ 3475 B A A5
PR 3% 8 1Y Kininogen D5, -TRAIL,,, o, HY 35 K Fr
BEKT(795 bp) (1),

AL K]
| Jidi
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El 1 Kininogen DS.TRAIL 1 KT & [H F B # PCR 1%

Fig.1 Kininogen D5, TRAIL and KT fragment amplified by PCR

1: DNA ladder; 2: Kininogen D5; 3: TRAIL; 4: KT

2.2 pMAL-KT.pMAL-KD5 #= pMAL-TRAIL % i
GSSEAE 8 S d

# Kininogen D5, « TRAIL,,, ., 1 Kininogen
D5,4y.145-TRAIL, 4 PCR P46 AL BT, FH EcoR T Al
BamH 1 XUEFY 5 AR FE A9 XUEE V) 5 B pMAL-C2 3¢
BEARESE 27 W) 5 AL B R IB AT BL21,
PRELPAPE v e E 4T PCR FIEGDI S ( B 2 ). 455%
WEB] pMAL-KT . pMAL-KD5 L4 & pMAL-TRAIL Y fiff
VIS RS WAHSY o iE— 25 %) B 52 e pMAL-KT .
pMAL-KD5 DA & pMAL-TRAIL #4705, 45 5t iF
B KT .KD5 DA TRAIL, ., N RIS A BET 58 4
— 3, BOTURAS HEIE A
2.3 wm&EAFFRERLL

3 P B A pMAL-KD5 F1I pMAL-TRAIL LA &
pMAL-KT i KL 1Y E. coli BI21 B ¥ [ 5 M 1% 5%,
IPTG 55 4 h J5, #47 SDS-PAGE., Z55( & 3 )%
W, 5 %5 BJK 38 AH L, 76 A7 X 43 i 52 000,
62 0001 K2 72 000 4b43 514 MBP-KD5 .MBP-TRAIL
K MBP-KT [ 4577 ; 28 Syngene i 04T, £k 5
SR T 20% LA Lo SR F1ZE BT AE 2l 4k 153 2 1
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MBP-KD5 .MBP-TRAIL #1 MBP-KT &l 4 & [, #H %}
SR RIZR 52 000 .62 000 LLK 72 000,

[=4] | 2 i hn ] 5 fi
= A 4 S0k §
J ik § {HH—3
20k = Ok
|| 4k 1 20
UL R
il 01
25 250

2 pMAL-KT.pMAL-KD5 ., pMAL-TRAIL
BEARNOEEIILEE
Fig.2 Identification of pMAL-KT, pMAL-KD5 and pMAL-
TRAIL recombinant plasmids by endonuclease digestion
1: DNA ladder; 2,3: pMAL-KT; 4: DNA ladder;
5: pMAL-KD5; 6: pMAL-TRAIL
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3 SDS-PAGE %4 # MBP-KD5 ,MBP-TRAIL
#1 MBP-KT Bt 5 EH

Fig.3 Analysis of MBP-KD5, MBP-TRAIL

and MBP-KT fusion proteins by SDS-PAGE
1: Marker; 2: Negative control; 3: pMAL-KT; 4: Unbinding
protein; 5: Purified MBP-KT; 6: pMAL-KD5; 7-9: Purified

MBP-KD5; 10: Marker; 11: Negative control; 12: MBP-TRAIL;
13: Unbinding protein; 14: Purified MBP-TRAIL protein

2.4 RRAE G ECV304 F= SW1990 %1 it 34 74
IR AE R

SIS EE R K] 4 )F B . MBP-KT £ MBP-KD5
EAMH ECV304 PNz 40 A % 3G 5, AR S50 AR
#irE, B MBP-KT A9 /EFH 4 MBP-KD5 i ; i MBP-
TRAIL Fl1 MBP i A 5 240 i % 38 5 15 B I 52 el

4 FhEE X SW1990 A LA T A 45 R ( K& 5) iR
MBP-KT F1 MBP-TRAIL 7] L4 B & 1 511 il SW1990 4
LAY S 56, MBP-KT B9/ 4 MBP-TRAIL 5%, PH
HZREFAGRITFEX(P<0.01 ), FiRZER4E
755 B MBP-KD5 5§, MBP-TRAIL 4 ¢, MBP-KT
fiE A R M ECV304 PN Hz 20 g Al 155
2.5 RRAERGITH AR MR E RTE R

AR E MBP-KD5 .MBP-TRAIL F1 MBP-KT fE
FHECV304 N K2 4000 6 h J, K0 Py Bz 200 i A 4500k
e 25 R 6 )M . XF I8 4148 I8 il og %,
MBP-TRAIL 4 & JL°F- 56 # , MBP-KD5 41 %8 & 19 56
kAR B IR, MBP-KT 20 45 165 19 5¢ % 1 Bl 30 4%
MBP-KD5 208 g 2 . #i7% MBP-KT w] 4101 il PN 5z 40
MR 1, HAE 58 T MBP-KD5 .
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Fig.4 Effects of different fusion proteins on
proliferation of ECV304 endothelial cells
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Fig.5 Effects of different fusion proteins
on proliferation of SW1990 tumor cells
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SW1990 4 il 7£ MBP-KT V& F )= , &8 B[] P9 40 i
B S8 AR T, T ELR TSR B MBP-KT ¥R (9 14 m
i Fte 78 MBP-KT LA 5 ng/ml ¥ & 1E F 1),
SW1990 £l fitd () 4 1~ % J& (1 34. 83 + 2. 31 )% ; 7F
MBP-KT A 25 ng/ml (¥ B/ T, SW1990 4l it )

TR (65,84 +3.45)% . &S B /R &t
MBP-KT 1E 1 J B9 SW1990 41 g, 20 i 75 13 Wi 45 44
AR T TR A AR [ 8A ), REL N
N A Y £ SR A 1] 8B ) A ZRAk( K 8C ), 4y
S, A0 MRS AR A B L R T/ IMATE AR 1 8D ).

Ee6 ARMAEZEANNEMAMERERZM *x400 )
Fig.6 Effects of different fusion proteins on tube formation of endothelial cells ( x 400 )
A: Negative control; B: MBP-TRAIL; C: MBP-KD5; D: MBP-KT

-
hrdichla Y Agacui v Aiwali ¥

7 MBP-KT %5 SW1990 A E T
Fig.7 MBP-KT induced apoptosis of SW1990 cells
A: Control; B: 5 ng/ml; C: 25 ng/ml

8 MBP-KT %S SW1990 fABLET( x6 000 )
Fig.8 MBP-KT induced apoptosis of SW1990 cells{ x6 000 )
A Control; B-D: MBP-KT
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(Y HEFE PP HIAE % KDS BH S 38 5 5 (W] B 7 375 5 g
e SW1990 HIJHT- 77101, KT # TRAIL £ % H B i
B SVE R, B KT E A BT A8 09 Bt ik e 106 P
ARG F i =40 e ASORT F R i — 2P BRIk T KT
AT S g 200 e R T, R s SE SE KT W] AR T
DAL R 20 ML, A AR S s TR B

ARSI A K il A LR KT 5% AR 38 404K
pBV220, 753 T /& 16 PE B9 A & MBP A9 AE Rl& 8 A
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