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PHMEYRAERIEE M H =
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B fele BREY RXFD 4EmF
O E R BB FHZEZSIEGT T, wb 1100165 29 [EEF#BEwF 7T 2ERE, Jb5T 100016;
IR R E M B B, RHE 300060)

HE  [AME# FE (diphtheria toxin DT) A FRR E AP B W T 7R GL 5 40 WA K — PP AR e 25 ‘e vl LABH I FT4% 40 i
FIER A AR, AN, A5 N 2B KR T (VEGF) () R82A, K84A, HS6A Z¥AR{An] LI IR LA eIl
VEGF %244 1 (VEGFR-1) F5 5 PE 45 & 1 e T EAT i rh 2 BUEE R 41 DNA, 9735 1 AR R 3% C X, T KA. Jfiz
M RSARE AR, il VEGF [f] R82A, K84A, H86A S8 AZ 4. FI A I AN ] DAFN 8 045 bR 3 1k 52 A4 A0 &5 4 11
VEGFI5E Mk, R AR LA & X, H T E6 VEGFR-1 4L @& 2 22——DT391-mVEGF. DL 2:

B 72 AReh A X 1 DT391 A BHTEXT I, 4 fu st R i,

R e BEFON VEGFR-1 B PR e 0 A7 45 v A1 1 .

R MR, AN R AR K T (VEGE), A N AR KR 524K 1 (VEGFR-1), FlGriE

FROES Q78

[ % % % (diphtheria toxin DT) & ¥R 11 kAT
DA B Wk PR A Y JS A WA — R Ab R ER . AT LA
TR PR 2, FH BT A% 40 0 ) £ 5 R
M RE 25 =B A e IS — 8B o e e R 4 &
[X (receptor binding domain, R [X), i ~#B7 i %
JIEE[X (transmembrane domain, T [X), =7 &
6 NV X (catalytic domain, C [X). Wi 8 E 1 R
D AR IR 2 AR S5 S B, W) DT 73 7456 313
TR 52 A A0 KPR A0 S T, A B DA
T, FEEAEL, BEANLY, RO 40 e A
BEPED.

i g B A A AT DL 43 e L SR I A .
B R e gg A HE R AR AR TR, At A i 8 4
AR AR . T SR A AR L B SCHE, IR )
BEARA I 0.1 mm. W15 GEH% U)W i 40 1 1) ifi.
VAN, ) Jgeg 1) Al 2k 25 1 ) S R

L& N JZ A4 K R -F (vascular endothelial growth
factor, VEGF)j&Z 5 I8 89 248 1) B2 1. A4
VEGF A. VEGF B. VEGF C. VEGF D. 17 £&Jj
B ) VEGF K BL%), #K4 VEGF E. i it
mRNA [IAFBIY], VEGF A P24 6 FiAS[H] ) 544
AL TR 7 ) 2 121, 145, 165, 183,
189, 206 2 HE M. VEGF s A& 14 N 5 i W, 11 B
B,

VEGF %2 1A (vascular endothelial growth factor

receptor, VEGFR)fH 3 4>, 73 5l #K & VEGFR-1.
VEGFR-2. VEGFR-3. & VEGF %¢ Pk 52 4R 4h,
T2 1 B 85 A -1 (NRP-1) 2 7] BL Al VEGF,s 45
%[4]‘

DAL A A B A A DT AR 32 1) 5 BBk g 1)
1L F5 5L LT Olson 250, Ath FH A6 2% v 4 1
DT Hl VEGF, HEHGK. kG T2 RILH T HUH K
AA55 VEGFR* 41 R0 X0 S JR 288 5 if A5 A4 K 1R 28
5. Arora 2593 VEGF Al DT 20 1) T X A1 C X %i
T DR ik S TR, IR T RS e 5%, H S
S g A5 6 I AR T VR AIFST. 2001 4E Backer 45
8 G B RE 55 BRI AE VEGF 1 N 3 1 i fik 75
B 2% . VEGF,, M 454 VEGFR-2 i A5 H i
VEGFR 45 &1 ] VEGF o, 1 4 52 0] 43 - 1) ) 1 ik
Bk 2% HOk R R 15 = 08 VEGFR-2 148 i,
M5 VEGFR-2 40 [ ) A 52455 5.

ARSI T T LA VEGFR-1 45 5 45 4 (1)
I A i A2 KR F- (VEGF) R 28 4 -DT il & 25 1
DT391-mVEGF, A H % 57 ¥ # 5% {j VEGFR-1"
0 .
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1 TR AR 38002 D [ o [ A 4y o ot AG 00 v
VEGF,s cDNA i 28}~ K Leenders . [ il
W DI, = Of A 1 pfu, 508 Taq DNA &
¥4 TaKaRa 7~ 7] 7= . T4 DNA ZE £ & Promega
3. PCR P ali X 71 58 Invitrogen 23 F]
T . BRI 2l AR A S8 1 Qiangen /A F]. pET28-b
k. BL21-(DE3) % ik B #£ ) A Novagen A ] ,
IM109 52 & W R B R B A W] BBt A
VEGF Hufkly H i ihpifs A w], HRP Fric i % b b
LA 1 Diako 22 #]. JH9E 40 L SMMC-7721 Hi2f
Biig 7 TfF 5 3 REOE . 45 R N Namur K27 (1) 0 v
LA ESyPred3D #/FREAT. DT ¥ 19514 dt F, dt
R, PET-28b Jivki tdeids F F 5 Il e IR Y B Bilg 2k
W) TR A A A R BRI P B AR TR R
A HEAT. PCR 3 0 ANy e E v 3424
Eppendorf 28 w] 77 il . [ 8§ 1~ 22 4 B IR F1 53 1 i
Sephacryl S-200 >4 Pharmacia 7 & 7% ).

1.2 A

dt F: AGTCCATGGGCGCTGATGATGTTGT
TG ( F Xl 2k £ 7/~ Neo 1 B VI A7 55 ); dt R:
ATACATATGAAGAAATGGTTGCGTTTTATG (R
¥ & £ X Nde 1 B VI AL )
TAGAATTCACATATGGCAGAAGGAGGAGG ( Hif
JE R RIZE 23 M 7R EcoR T Al Nde 1 BEIAT 55);
vegf R: TAGAATTCACGCCTCGGCTTGTC CATC
(M RIZ KR EcoR 1 [ V{7 55). VEGF R82A,
K84A, H86A KA 45|#): Pml, GCTATCGCTCC
TGCCCAAGGCCAGCAC; Pm2, AGCAGGAGCG
ATAGCCATTATCTGCATGG.

pET-28b JFUk e ids FH P i SF A R . B R4k 3k
ARG, RS 7 R B N
PIAL 55 S-1: AATTCTAA TGAGCAGCAGATAT
CA; S-2: AGCTTGATATCTGCTGCTCA TTAG.
1.2.1 dt391 JE DA 97 59 L W0 43 1) B AR T
80°C ZK ¥ KW H M AF B . BL 1 ml pH 8.0 [
10 mmol/L Tris-HCI VA T ¥ T-4. 12 000 g L
Smin. EEUUE, LK. B0, JUEE T 50 ul
pH 8.0 ) 10 mmol/L Tris-HCI, 50 pl 10% SDS ',
60°C 4t # 10 min. 800 W f 9% kb HE 2 ¥k, 4K
1 min. B0 A pH 8.0 ] 10 mmol/L Tris-HCl
250 pl, 60 wl 3 mol/L NaAc(pH 5.2), 10 wl #JE K

vegfF:

10 g/L ) RNA . 37°C J % 10 min. JIA 1 000 pl
LT, 250, DNA JTUER T 500 pl TE H. LA dt F
dt R 514 4 d391 K H . PCR & fF 0 94C
30s, 55°C30s, 72°C 40s, 30 MG, 72°C T
5 min. 1% R K% € PCR 4. 1% Y)
44k dt391.

1.2.2 DT391 ik JFoki M . BB [ Novagen 24
T ff) pET-28b Jitki [l EcoR I Al Hind T XUEEY).
T I i Ak R B At AR T 6 000 bp A2 A7 (1 B D) -
Y, B RALE KM S-1, S-2 ¥4k DNA i A
Milli Q 7K AT AR E A 15 wmol/L )4 FH . 1 il 4
IR KRR, 10xPCR 8PP 1 pl, S-11 pl, S-2
1 pl, #hKEEAARL 10 wl. 94°C hn# 5 min, 45 H:
HARA A S, B S-1. S22 B KW 2 ul,
pET-28b F V1774 6 wl, EREREMW 2 wl, T4
DNA & #: [ 0.5 wl, #hKZEBAAF 20 pl. 22°C &
FE N 2 b W IE R PR A K A B DHS o 2 2
MM, PREFLL T Nde 1 Fl Neo 1 XUEGY). JT ik
I AR A £ 24k [0 5 500 bp 2245 BT P24 ]
AR TR R i AL BE de391, Wik 1% IR R e, 2lifth
ALK /NS 5 1200 bp 1) dt391 B DI A Be. LA 1:3
(1) JEE 7% LEAfl o2 28 A R N BEIA FH A& TE A 20 pl
RNARZR, DL T4 DNA #H:0 22°Ci#E#e 2 h K iE
e WAL K AT DHS o SRS S 41, Pk
TREU) %52 . B9 0ok fr 44 o4 mp-dt391.

1.23 H & PCR £ 5] A VEGF R82A, K84A,
H86A 547 . UL vegf F Al Pm2 41519 %}, LL vegf
R A1 Pm1 45| 0%F, LA VEGF,is cDNA 4 it
AT PCR U I GINTRAR, P LA IR 34710 S »
LA vegf F 51911 vegf R 51441 1 (1) 51 9t b 47 &
B PCR, 523 NFH%. PCR ¥ 88 F5 b 4d F Pfu
i PRk L DNA 28 &5 W LR E PCR (1) /8 s . B
HOBE M) % 2 &5 P (single strand conformation
polymorphism) FEATH] % 5E. LL DNA Wl 546 5 2
75| N VEGF R82A, K84A, H86A FA:. 2AFJ5 1
FEK iy 44 muegf. LA Taq BEGIN A BB, E#H| T
R bW A K M B IMIL09 B FE
~70°C{_AF. fiv %4 N pGEM-T-mvegf.

1.2.4 DT391-mVEGF ik FUki i gt Y 1.2.2
P mp-dt391 A1 1.2.3 H#4 & () pGEM-T-mvegf
I Nde 1 F1 EcoR 1 XU Y. 1% Byt JI5 B B¢ Jig 3k 4l
e HI 6 500 bp mp-dt391 B P~ #)F1 500 bp mvegf
DI~ 4. LA 1:3 (1) B8 7R BUAff 2 AR R4 N R B
mvegf (1) 5. X457 W) e Ak Kl 1 3 DHS o Ji 52
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1.2.5 DT391-mVEGF & [ A f % e . i 1.2.4
¥ 2 1¥) DT391-mVEGF 3 1k I i % 4 3% 3k 1 bk
BL21-(DE3), IPTG if5 331k, 7535 I RA74 21 2
4°C, 5000 g 5.0, PUUEAEPEEKYES:, EaET
1 mmol/L EDTA, 100 mmol/L & ft4H, 25 mmol/L
Tris-HCL, (pH 8.0) %+, LL45sIalfE, 15s
A, 30 MEFAHLE. 12 000 g By, AR DT
JEW T &% 2% SDS ] 0.05 mol/L Tris -HCl %5 ¥
(pH 8.0) ', FRIGHEFAREE, A . 12 000 g &5
Ly, BB 10 wl,  SDS- 2 A 4 B i B i Ha vk
(SDS-PAGE) fsrill, 2% 5 frse i ge i, o B — 3k [
FEALBRARR et I E T iR A b, ¥ ik &l i
# % PVDF JEE b, DURdflg 95k 3, A BBt A
VEGF Hii M —dt, HRP- APt WPkl =9,
DAB &%,

1.2.6 DT391-mVEGF & [ aifb F 52 1. ALk L
4 mol/L JK 2. 20 mmol/L Tris. 2 mmol/L EDTA.
1% Triton X-100 Y% 3 X, & T 6 mol/L R
WK, 1 mmol/L EDTA, 50 mmol/L % ft 44 ,
20 mmol/L pH 8.0 R Eh &2 rh i . 4°C L& 124 3
1 h. 2% 100 £5 ) pH 8.0 20 mmol/L
Tris-HCI, 1 mmol/L DTT . LB & 728 ik,
LA 1 mmol/L DTT, 400 mmol/L NaCl ¥yt~ H (1)
EA. EFEN, T 280 nm R g, WA
Uidirs SDS-PAGE HLuk Al £ (1 s afi Ak i O

1.2.7 DT391-mVEGF & [ 140 B i PR R 5. K %
AR SMMC-7721 Ifed 4 i n X\ 96 FLARH,
WIEh 4x108 A /L. HUfl# 8 1 DT391-mVEGF %
T 10%IM7E 1) 1640 KiF2dkh, A% LGRS &
2R 4374 04 104 20, 50, 300 pg/L. 3 I
DT391 Pe il A [R) 9 B i U R DT391 & A %
WAL, BEFLBE 3 AN, [HATHL 200 wl AS T &
1A J IR 1640 5578300 25 O AL, IR
3ANEAL.37C, 5% CO, B gRffh 9% 48 h 5, i
AN MTT (5. AERFR A LD 570 nm & Wt
JEAR (A 0). W0 3 PR ST B 5T S

2 & B

2.1 dt391 B9 1EF0 pGEM-T-dt =4 R a9
TH O T AR VEAT B R R 4 DNA, 5]
Yy dt F A1 dt R 7399521 dt 391 FE[X,  H vk 45 S 4
K1, Al WK/NZh 1200 bp 1 dt 391 £ [A. DNA
MFEEREN], P 75181 DT391 4ihd LR (A

Fig.1 Amplification result of gene dt391
I1: amplified dt391 gene; 2: marker DL 2000.

2.2 DT391 Rk AIEE

Wy & RR W, 82 5 () pET-28b i
EcoR T UL S E TH 51N T 28 1k 345 1 (G 7 )
W), H EcoR V i U) % & 1.2.2 14 £ 1) % 35 kL
mp-dt391, &5 F LI 2. & 2 F1 KNSk 2 000 bp
(1 4% 47 2 d391 Sk B — BT A KNG R
4000 bp [f1/& EcoR V EEY) i MM A Fr B

bp
15000 —>
7500 —»
5000 —»

2500 —

1000 -

Fig.2 EcoRYV digestion of DT391 expression plasmid
1: DL 15000 maker; 2: DT391 expression plasmid; 3: DT391 expression
plasmid digested by EcoR V. To make sure there are no excessive amino
acids appearing on the tail of recombined protein, a terminal codon TAA
was inserted into the expression plasmid pET-28b. An EcoR V
restriction site was designed following the TAA codon to make it easier
to test weather the terminal code TAA is inserted successfully. There is
only one EcoR 'V cutting site in plasmid pET-26b. So if the TAA codon
was inserted into the plasmid successfully, there will be two bands been
observed. It can be seen that there are two light bands on the third line
after cutting by EcoR 'V .

23 EZ PCR £ 3] A VEGF R82A, KS84A,
HS86A ZEZ5F1 DT391-mVEGF ik R By
1.2.2 TR E Y DT391-mVEGF 33 5t bi ——
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mp-dt391 SSCP HLyKHIA %€ WK 3. K] 3 ] L
Fih, WIUKIE R R KR WEE DNA, WA 2501,
R Lk B 17 PR 4% HLEE DNA 455 2R B AR 1)
TR RYE. HILIE S5l T 5848 I3 25 3R
By, CIhig] N VEGF R82A, K84A, HS86A %
IR FEEIN ] Nde 1 BY) A7 553% 2] DT391 2 A
T

ssDNA of vegf —> -
<«— SSDNA of mvegf

dsDNA of vegf —» <— dsDNA of mvegf

Fig.3 SSCP assay of mvegf
1: wild VEGF165 DNA; 2: mvegf.

24 DT391-mVEGF EHHRIEFILEE

W2 i D)% e uF B 2O h Mg
DT391-mVEGF A1 DT391 % ik it ¥ # 1t BL21-
(DE3)Wi bk, IPTG 155 %14, SDS-PAGE % & Fll i
NS E g5 R WK 4. 5 .

1 2 3

97 000 —

66 000 —» <«— DT391-mVEGF

<«— DT391

42000 —

25000 —
14 000 —>

Fig.4 SDS-PAGE analysis of expressed DT391 and DT391-
mVEGF
I: protein marker; 2: expressed DT391-mVEGF; 3: expressed DT391.
The DT391 and DT391-mVEGF genes were subcloned into the
reconstructed pET-28b plasmid. And then induced by IPTG. The
expressed proteins were extracted and analyzed by electrophoresis.

1 2

<«— DT391-mVEGF

DT391 —

Fig.5 Western-blot analysis of expressed DT391 and
DT391-mVEGF
1: expressed DT391; 2: expressed DT391-mVEGF.

2.5 DT391-mVEGF & B 840 A5 118

Zaifb M YEG, DL SMMC-7721 9 41 i i
g sae, R AT ARRIEIE, BT
K13 7 ZE R 3 AT vt 0 i AR KR (%)=[(SL 5 4
A MH-2F AR A (H)/(DT391 A A -1
SR A 1H)]x100%. 3 20 5 5 HCF- A,

M SIe 45 R LW, UL ] 300 pg/L I
DT391-mVEGF %} SMMC-7721 41l ffa ity A= K A7 &5 2%
RIHHEIE ] (0.01 < P<0.05), WL 6. 1ff DT391 41
5N 1640 (125 PO AL 2% 5.

120

100 -
80
60 -
40 0 10 20 50 300

p(DT391-mVEGF)/(pg-L")

Growth ratio/%

Fig.6 The growth ratio of SMMC-7721 cell under different
levels of DT391-mVEGF
SMMC-7721 was cultured with DT391-mVEGF for 48 h on different

dosage. The growth ratio was calculated as [ ( A value of

DT391-mVEGEF -blank control)/( A value of DT391 -blank control)]x
100%. The blank columns show the control growth of SMMC-7721
under the same level of DT391.

39’

XA R 7 S L2 AR A G RS, SeIAR
TE AT S 5 L 25 4 07 LAg sy S 40 v v (R A A
SKIHTSCR I,  Befkgn i X 7 5 2 R 1 456
I, BEH A AR B B Ok, aoef B - B 4 i
AN R I, AR B T X — R ARG
7E VEGF 73 ¥ EgI NS i, BRI 5 AN OC
TGS Ty, MR LA SR R, X —5r
TG TR S, WG TR R4S
I %47 VEGFR-1* 41 i [ty 45 5.

VEGF #: R BT 1989 4F, 2145 L4 N J%
HA = ZE A . 1996 4F VEGF # 151 F DT 7
AT IR 38 A Y L. B S LR IR N, A
[A V25 1) VEGF 53 #&F1 VEGF 1 A BB B 2% 3R
T IS ) 5 % . Keyt 25 9% 31 VEGF,¢
Arg82. Lys84. His86 st VEGF 5 VEGFR-2 4 &
(1) A 45 FEARIX L 5 5 VEGF H g5 VEGFR-1
ghtr, M5 VEGFR-2 (454 77 KK R B A SCHp
BET I S0 45 AR OB B ) 1 2% B AT R
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1 M R TR AN M RE DL RS RE R, AN B AN B X
DNAU, FI L [ Ly 19 W 1 1A SR8 41 v S 2033t
TR IR ARSI TP 2 R, I HCK s
5, FTSOR SR E R R B A, BT WA R ()
DNA, fil# ek 1 AT 40 O BEAS 25 FTHE, DNA A
Sy PEA . A TR T AR R AR, B
DA AN 25 Bl % A 85 77 52 kU XD PR A

AEFIE 1) AT HA Y 2 Rad 5 R,
G o B LT PRI TG PR I s A s, X B TAE
5" AL I B B AL IR B R JOE M I T
pET-28b 44, ALl 7E vl 1 25 (8] v B A7 i b
T 2R fE PCR Y38 2 71, 4E514 LTt
GINZ L FR 12— AN LTk AR AR IX AN S
Borh o T4l PCR 4 W SE A By S8 e, o T Jhk A0 i
S BLIR B AT S % 1 X VEGF Rl 85 3 R A% R 08
RIAREW, {E514) E5INT 2R L X
AT J 2556 T LR 2 28 B e i, (H R 280t d i
BT S A GEZ I — AR 1. itk
S R sOs, T s SN
T W LA TS PCR WM 20 5 A8 6 oot 2044 1)
IMET AR BRBL, T H S AR, X B T AZ
5RO AL R K I IME AT BUA TGS, A
IR T 51 A, 1T HAS I S8R S 4\ B
Lo, A AR R A, SE0— 2B, A
(ENER TS RZD

TEPRAS o0 1 B e 4 A, FRATE AT T
DT391 3’ i [1) 2 24 R 9w 14 25 X1 CAT, A1 VEGF N
Uity 55 AN PR PR R G 1 3L K] ATG M4 B ) Ndde
B IAL AL, AT T AR M U R AR A RS
R, 2 P A3 2 TR 3 K ) A T R A
PE, T8 B R IE AT S AR K M, AE DT
4y 1 B3 TO MR hE kT 378 i, M 379 £ %] 385
P TE R A5 . 386 47 2] 390 47 )& R X {128 — 4
B PrlX. 379 12 385 KX T DT (1) % vk
PEAR T, (HAE XA S0 B O og B (R B A 379
B 391 Z BRI, T DAASSEIR AT 15| NBAME)
HHK. VEGF 11 6~110 1 /& VEGF &5 & 3 X,
N TSI A ATYE, fEZEG % PCR 414 45 A1 1
o E USRS N H I T VEGF 11 3~164 7.
SR WP (1 B2 VHAS 52 M) B 11 T 1) e 20

SMMC-7721 Jj&—F#i5 VEGFR-1, {HAZKIA
VEGFR-2 [ Ty 40 o0, szgh 4f ke w], #3a
mVEGF (1) DT391 1] L%} VEGFR-1* 40 il = A& A%
L S E I T 2 I 3 R v - A /P (7 N

mVEGF [ DT391, A fig %} VEGFR-1 [ % 11
SMMC-7721 A K /= A 5% . i b vl WL, X
SMMC-7721 A1 VE H 42 tH mVEGF 41311,

M, ERXASER BRI E S PCREGIAT
VEGF R82A, KB84A, HS86A 4, |k T Al
VEGFR-1 ¥ 71 45 & 1 VEGF 73 1. 744 mVEGF
FENIE I Nde 1 BT 2 3% 2] DT391 KK 2 v,
M TR G R R, AT 2RSS X DT391 1
X, IR S 2 A4 1 SR A P AR I A
B A0 B AT A M s B, BOAIE T BT AR SR AR )
TR, PEIRIX ] g At — AR A ) e I
I .

& % 3 Wk
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A Fusion Protein Targeting The Vascular Endothelial
Growth Factor Receptor I (VEGFR- 1)

BAI Xiang-Yang"?, NI Jian-Feng'?, LU An-Guo", WU Wen-Fang", NIU Rui-Fang®
(“Institute of Applied Ecology, The Chinese Academy of Sciences, Shenyang 110016, China;
YGraduate School of The Chinese Academy of Sciences, Beijing 100016, China;

Cancer Hospital Tianjin Medical University, Tianjin 300060, China)

Abstract Diphtheria toxin is an exotoxin secreted by Corynebacterium diphtheriae that has been lysogenized by
B bacteriophage that carries the DT gene. It blocks protein synthesis and kills the target eukaryotic cell. The
R82A, K84A, H86A mutant of vascular endothelial growth factor (VEGF) specially binds its receptor 1
(VEGFR-1) that is expressed highly on surface of tumor blood vessel. DT genomic DNA was extracted first and
then the gene that coding the T domain and C domain of DT (DT391) were amplified. The R82A, K84A, H86A
mutant were introduced to VEGF by site-directed mutagenesis. Then a VEGFR-1 targeting fusion protein,
DT391-mVEGF, was constructed by substituting the receptor binding domain of DT with the VEGF mutant which
shows high affinity to a receptor expressed on tumor vascular. With DT391, a protein without the mVEGF domain
of DT391-mVEGF, as a negative control in cytotoxicity assay, the hybrid protein DT391-mVEGF showed an
inhibition to the growth of VEGFR-1 positive tumor cell.

Key words diphtheria toxin, vascular endothelial growth factor (VEGF), vascular endothelial growth factor
receptor-1, fusion protein
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