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Synthesis and Characterization of Chemical Conjugate Targeting KDR
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[ Abstract ] Objective: One strategy for improving the selectively and toxicity profile of antitumor agents is to design
drug carrier systems. Thus a reagent targeting KDR expressed on tumor vasculature was prepared by a peptide binding to
KDR specifically which screened from C7 peptide library coupled covalently to NHS-d-Biotin and BSA. Methods: A high
affinity peptide specific for KDR was screened by phage display. ELISA, Gradient-ELISA, Competitive-ELISA and Bloc-
king-ELISA were used to detect whether synthesized peptide bind to KDR. To explore whether peptide could be used to
deliver agent to target site, synthesized peptide was chemically conjugated with large molecule-BSA and NHS-d-Biotin eas-
ily detected by avidin. The binding activity to KDR of chemical compound was determined by Cell-ELISA and Cell-immu-
nohistology. Results: Synthesized P5 peptide having a dissociation constant ( Kd ) of about 168.6 nM with KDR was ap-
proximately 3 fold lower than Kd of VEGF with KDR. P5 blocked VEGF-KDR interaction while did not competes effective-
ly with VEGF for binding KDR. The chemical conjugate, P5-BSA-Biotin, binds specifically to soluble KDR as well as
KDR expressed on human endothelial cells. Conclusion: The peptide P5 that home to KDR expressed on tumor vascula-
ture may also be useful in targeting therapies specifically to tumors.
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1.1 MR CHOR I

W BRI 7 FIKIZE TS £ T8 E. Coli ER2738 Te Btk
5 A England Biolabs 2~ 7] . KDR/IgGF . VEGF ¢ 4 H
R&D A ], Albumin, Bovine Serum V( BSA )4 Sigma
NFE], N IgGFe F Wil H OEM concepts 23 &) HT M13
Wi AR DA B Pharmacia 23 &) . HRP-2E41 B —H1
HAE3EAFl. i VEGF o 2901 H R I 180 7.
519 H Bio-Rad A FI G . Ht KDR Hbiie [ b5t i
WFFE . /K B Bio-Rad 723 74 B, 5 % T8 AOIR,
HPLC 4lifk, 4li % 1k 99% LA . 4= %) Z( NHS-d-Biotin,
MW =341.4 kD )F1¥k £ —Jf%( EDAC, MW =191.7 kD)
W B Sigma 2 ). NG B F ik N Bz 40 B2 ( human
umbilical vein endothelial cell, HUVEC ). A F & 48 Jig
Wish 21 it FI AR 4TI R SMMC-7721, Hi ) M ZE X
B Bt P 24 S 0 B A7 RO AT Ak T AL s 4R 4. 96 FL
FtFE A 2 25 FE AU H Nune 23R . SABC 21k
IR G [ AR EEE A A
1.2 DA GE A IR e 55 KDR =1 3 R /K

L KDR i 8853, I FH 2% R A 0 35 s 1R 4k Ik
JE. 38 2 N T AL 3 0 i v OB VA VR 1 i 8
TEAE VR R AT A G T iR A W TR AR s . AR
2 Rl A 25 SR v BEHLBRIE T 40 AW R R SO e 3,
R ELISA 2. %52 EA15 KDR W25 & 16, Pkt 5
KDR 2 1 7 d5c e 118 W38 81 4% o B D00 ), A48 D00 ) 45 SR Ak
il N
1.3 A U/MES KDR #9454 5P &
1.3.1 HHEE ELISA k& ill/MikS KDR 9455 16 1

Bt /NKLAEEFL 10 ng, 100 ng, 1 pg F110 pg FIEAE
Bl PR T 0 T I AR L s AU 400wl 5 1
100 ng KDR 100 pl,1 pg/ml it KDR #5100 pl. 1:

1 0001 #i B 1) HRP-F4T B —HT 100 pl #1100 pl OPD
M H,0, i W45 = IR AEA 1 h, A 2 mol/L
H,S0, 2 1k I, BEHR A E A T3 /MIKS KDR Y
Kd.
1.3.2 VEGF 5 KDR %54 % % Kd {HR I 2

9% 100 ng KDR/FLFRFIHE AR L, 3P 5, 23l
A 10 ng VEGF 5,20 ng VEGF ¢;,100 ng VEGF ;1 200
ng VEGF o E1 85 A KDR JFLH , BRI A 1: 100
fEFRBE BT VEGF s Z 3T 100 wl, 1: 1 000 1% i B8 Y
HRP-EH1 % —Ht 100 pl F1100 wl OPD K& H,0, B4
A ZEIRBHEME 1 h, A 2 mol/L H,S0, 2% 11 [ B, il
PR I RE A 715 VEGF 55 KDR 1 Kd.
1.3.3  /NIKBHWT VEGF s 5 KDR 454 5256

{4 20 ngVEGF oo/ FL T B AR , A iS5G TR & 4
#9100 ng KDR 5 A [ & /N K( 100 ng KDR. 100 ng
KDR + 10 ng /MK 100 ng KDR + 100 ng /MK . 100 ng
KDR +1 pg /MK 100 ¢ KDR + 10 g /MK )37°C 1118
B 1 h, MKUANA 100 wg/ml Bt KDR #4i,1: 1 000 f%
Fii B () HRP-2EHTEL 41 100 pl 1100 wl OPD & H,0,
WAL A FIREEERE L h, FFEREAE, A 2
mol/L stoﬁﬂtfiﬁj , BERRAY ) 2 A 0
1.3.4 /NIKS VEGF ., 54454 KDR 525

9% 100 ng KDR/ LT BEHHAR |- ,400 pl 3P i 3f
HJG , 4 BIINA 20 ng VEGF 55 10 wg,1 pg,100 ng,10
ng /IMNIKITR G, ZERIB & E 1 h ARIMA 1: 100
fEFRBE BT VEGF s Z 3T 100 wl, 1: 1 000 1% i B¢ Y
HRP-2£H0 % 41 100 pl #1100 pl OPD K H,0, & {4
WA IR | he RFEIEASS, A 2 mol/L
H,S0, 28 1S, BEAR EAE A g
1.3.5 /PRI VEGF o FI3 HUVEC A= K 36 14 1 58

PR KRS B4 HUVEC 40 LL &L 5 000 />4
Fi T 96 FL 4 M 55 5% A b, AR AL AR O A 20 ng
VEGF 45,20 ng VEGF,; + 3.5 mg/ml P5 5 pl,20 ng
VEGF (s +3.5 mg/ml P5 10 wl #1120 ng VEGF s +3.5
mg/ml P5 15 wl, BAMFEEE 3 ML, BT CO, K%
FARGFE 48 ~72 b, MTT 3EAGI AL AY TE 404 H -
1.4 G RUNKER S T8 Bl 2 1k 2 )

W% 20 wl 1 g/L NHS-d-biotin( DMSO #f# )F] 20 wl
10 o/L i 1Y BSA W, B IR IR % 4 h, @8
B0 AR N IS T 5 % NHS-d-biotin, JII 10 wl 5
g/L /INIRCE ZNBK 12 [ NHS-d-biotin ] = 1: 1 )1 10 pg
EDAC #| b & /& i & %t JF 0. 1 mol/L PBS
( pH7. 5 EA RN RN EARTUR 500 wl, iR 7%,
R U8 B 3 BN JC ) T B A /N B, BRI S i 1 Ak
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22X PS-BSA-Biotin,
1.5 P5-BSA-Biotin &5 7% 1 A &
1.5.1 ELISA %5E P5-BSA-Biotin 5 KDR (145 &3 1
¥ 100 ng PS-BSA-Biotin 1 100 ng BSA-Biotin U8
T ER AR, KA 400l A 100 wl 100 ng KDR .1
peg/ml 7T KDR B4 100 wl . 1: 1 000 5% B A9 HRP-3£
Fi B 4 100wl #1100 wl OPD % H, 0, 5 (5 4% % 1
THRAE 1 h, BEFRAGIE Ao
1.5.2  ZHAE AR 4L ALK P5-BSA-Biotin 5 41 ifg 5 1t
KDR 945416 1
iR KOS B A9 HUVEC . Wish Fil SMMC-7721
S NG 55 3% AR, R MOl S 8 S L 4% W
[E] 7 20 M 30 miin , {SE A0 A2 [ VG T 55 3 |, SR A 4 AR
LR AL AR S TR

2 & R

2.1 k5 KDR & 36 59/ ik

2 ELISA %@ ( RS 3 WMWK ES 5
KDR &5 & TG P am( B 1), AHE I 7 45 SR 4k 24 & i
FIR I S SPLRI/INMK PS,F51 8 :N' A-C-H-V-1-L-H-
P-R-C-G C',MW =1 206 kD.

B 1 PRMEEEE ELISA 452
Fig.1 The positive phage of ELISA results

2.2 /MK PS5 5 KDR AY45A 16 M 2

/NIK PS (6 ELISA 45 5. PS5 5 KDR 19454 1%
PERE /N BR A B2 9 35 i 3 hn, PS5 KDR B Kd =
168.6 nmol/L.,

VEGF,s 55 KDR IY%56 # ¥ € . VEGF ;5 KDR
W56 JIBER VEGF o W& BE B35 I misg i, 35 20 /E K
4% VEGF 5 KDR £ Kd =5.36 nmol/L.

/NIKBE T VEGF . 5 KDR 254 S286 19 45 5% . 24 /)
JIKE R T 100 ng, /it B4 1 BELWr VEGF , 5 KDR
PSS GG M, BB /MKW BE 35, KDR 5 VEGF
B85 A 10 PR TR AR

/NIKY VEGF s 55 4+ 25 & KDR 1Y &5 2« /N IR X
VEGF s 5 KDR BY45 G5 W i i 5a G+ /E 1 .

/NI VEGF o 8038 HUVEC 40 g A4 K (45 5 .
MTT 7545 R K HI/INK PS TER SR, XF VEGF o 31 3
A R P TR P VAT S
2.3 ALZERERY A5 2 R

NHS-d-Biotin # &1 NHS 5 &MY o-NH, & E
4% 4 F ¥« Biotin-NHS + NH,-BSA — Biotin-CH,-CH,-
CH,-CO-NH-BSA f# 1k 5 EDAC & 1k Biotin-CH,-CH,-
CH,-CO-NH-BSA [1J-COOH 5 P5 ) o-NH, £ Hi i £ 14
T 4 % Bk B % Biotin-CH,-CH,-CH,-CO-NH-BSA +
NH,-P5 EDAC Biotin-CH,-CH,-CH,-CO-NH-BSA-CO-
NH-fik
2.4 ALPEBEEY) P5-BSA-Biotin FY45 4 M o 4% 5
2.4.1 ELISA %

P5-BSA-Biotin 5 KDR %5 & & fH 1%, BSA-Biotin 5
KDR 454G 2 BA1E, E R 5 EH AR A G # 2 ),

2 P5-BSA-Biotin fJ ELISA £ R
Fig.2 The results of PS-BSA-Biotin ELISA

2.4.2 A pE AL

P5-BSA-Biotin 5 HUVEC 4il i il SMMC - 7721 4
M Zh A S B N, 5 Wish 40 45 A 5 B 0, 2%
R K3 ).

3 HUVEC,SMMC-7721, Wish ZHffIf e AL 45 R
Fig.3 The immunohistology of HUVEC cell
SMMC-7721 and Wish cell
A: HUVEC; B: SMMC-7721; C: Wish
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ML N R A TR F 32 R KDR (1) 3 3k e 5 M 0 Bl o
—MRLF AR IT IR B LA 5. LA KDR 3 ANE 7]
A A5 A 1 A5 T B T A 410 ol e A K i B AT
1 AR 24 9 1 BRI AR i RO L R AR
R TR A B AR R4S KDR IR/ IK K
AR AR )6 Y7 T 68 19 5 5 W J il £ 1] 2590, S D
IR AT M B — o A

225 ELISA B0k, MR A SEF% 5 5 KDR 454G 715
5, AE A TSR/ N R TE AL 2 B B AR S T 2 AT R e
454 KDR, AR HE I )7 245 e fb 4 & B T /AR PS, B6 B
ELISA B PS 5 KDR W45 A 5k B 1EAH ¢, Kd {H
7~ P5 5 KDR BYZEFI ) 2502 VEGF .5 KDR ZE 17719
1730, BEHI k2= & i/ NIRTEAR Zht B A5 KDR 945651
. VEGF,5 KDR W45 G M4k R, VEGF, s S 7£ 10
ng %] 20 ng Z [AIH}, VEGF s 5 KDR 45 AR50 R
B2, DRI 25 4 20 ngVEGE o 35 S 4 A 5200 . 354
5655 ] KDR 434, ¥ VEGF o FIZINIK PS5 TR A W
[ I £ B A, /N IK X VEGF 5 KDR 1Y 254 1%
AIHIVER, ULB/NIKARBES VEGF s 56§45 & KDR,
X — g5 5 A0 M B ST 5 45 R AH £, HUVEC 2
VEGF s BIZLOW 41 1, 35 55 W b in A /N BRXT VEGF 5 3l
M HUVEC A KB , BEW S5 T VEGE 2
M, B FSEIR A B9/ Ik CKDR 4R 2 W 21 i 556 b
MUK PSR T 100 ng/100 wl, AT LLEELIKE VEGF
5 KDR W46, HBHWMER S5/ Kk B 2 IEA G, 3%
Graf 5 S0 5 B W 5L I 25 SRR W G A AT RE I
VEGF s 5 KDR HYZEF1 3 KT /MK P5 5 KDR i % il
71, AH/NER P55 KDR () BARME DL AN /5 2 1T A
B SIS L B0IE . PS ERIMAN BRI ] VEGF o HI 3 20
MoA K m s, BRI PS B4R 454 KDR, PS 5 KDR
HZE G L B & TE RS R aetk, N T
LBk Ps 5HEY RIS 2 B i6E S KDR 45

0 0 0 0

A Ve B S TR Y NHS-d-Biotin 5 P5 1K,y T J5
A 53 B3 SN IS T ) /N1 SOBE 7 ), 3 86 0T 328 41
FBEA T 1 K43 T BSA FEATEE — A B $E 5 IR
NP 53 o ELISA 5206 R 240 Pl 92 20 fh 235 SR 3k
W AEAE RSN AR 581 KDR 43 F 456, 1 H
AT DL 40 M T #5509 KDR 28 T-454 . /MK Ps 5
oAty 57 Ak 2 A8 56 5 47 e K 5 2 A8 B A B BT &)
KDR #8467, & — 25 45 il 3l ) 5% 56 0k i — 25 B ik PS5
FEAR PN B S ) M, A A1 S 36 00 A 130 B Ik T 4 UK 2 O 3
() PS A il — 25 TR ABFFE (A A (L A Sy ik 90 1) YR 97
B 51 40 o B A R P o
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