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Expression and Function Identification of Extracellular
Domain 3 of Human Vascular Endothelial Growth Factor
Receptor KDR
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Abstract: Vascular Endothelial Growth Factor Receptor-2(VEGFR-2) plays an important role in stimulating the proliferation of
endothelial cells and improving the permeability of blood vessel. We prepared recombinant extracellular domain 3 (KDR3) of human
vascular endothelial growth factor receptor-2 in Escherichia coli and studied its specific binding activity with its ligand. The target
DNA was synthesized by overlapping PCR, ligated with expression vector p-ET32a and transformed into E. coli Rosetta (DE3). The
soluble fusion protein Trx-KDR3 was expressed in cytoplasm, which was up to 20% of total soluble protein in cytoplasm after having
been induced by 1 mmol/L IPTG for 5 h at 30°C. It was characterized to be target protein by Western blotting. The product was
purified by CM cation exchange resin and immobilized metal affinity chromatography(IMAC). Its VEGF-binding activity was
determined by ELISA assay and its influence on the propagation of HUVEC induced by VEGF. The protein product showed high
ligand binding activity in the ELISA and HUVEC propagation study compared to the control. Therefore, ligand binding active,
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soluble recombinant extracellular domain 3 of VEGFR-2 KDR was successfully expressed and purified in E. coli, which would be

applied to anti-angiogenesis anti-tumor therapy and anti-KDR antibody development.

Keywords: VEGF, KDR, protein expression and purification
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VEGF FIILSZ R 85 1 & 25 25 bt o S5 &,
HHTLL VEGF 2214 0 #8551 25 T K #4940 F 11 R 5
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VEGF i 3 3z, Hrp VEGFR-1 X} VEGF %%
A HIEM S VEGFR-2 5 10 1%, {Hili T H &%
RS, JIFHEIE RN R ERE, Bt
XF VEGFR-1 3P 0 # B dE 4750 M 25 9 i ik 92—
HIGA 4, VEGFR-3 HEHIMERGENERELT .
VEGFR-2 5 VEGF HAKmBYEMT), BEN T
VEGF il 3 P R 200 ff 346 78 K% I 457 308 o6 VM 55 A 1 20
P EEAE AP, AN VEGFR-2 # % KDR(Kinase
insert domain receptor), 1992 4 & [¥ Terman 55 fi;
BN # KN B2 40 cDNA b #3175 . =
K4t 1356 2 LR, &r+fk 230 kD. KDR
J % BRI 2 A TR, & — BABE S R IX, 7
A A b E BR AR R XORT I PN SR X . RO B
7E VEGFR 11 7 a4 MiC 3645 4 X, 2~3 X Fl VEGF
MZEAA R, 2 4 KEZZmMEY VEGF 05,
e o L U & N W N T i oy B A S
FETEME S VEGF 455 1008 o b 3 X(&F 97 4
HILER)XT VEGF 454 skt b2 ™, B e s
KTFAFHIHT KDR MIAh X35k 1~3 F1 5~7 Lo fis .

ARWFFELERGFE B T4 KDR3 [R5
alifk, ARG & 1 KDR3, 75L& VEGF
45415 1k ELISA SE3 FASMM 6 SMIEE VEGF fi i
HUVEC 2 Jifd it 34 58 SC 360 o T B Im £ R, R
HE) bR N IR YE VEGF R M S22 R i JF & bt
KDR 5 BEHUIAR A5 258 T 5L .
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Pk E. coli DH5a, E. coli Rosetta-gami(DE3),
JURLE AR pET-32a(+) H A S50 % (R A7 FRIE N 1]
filf, T4 DNA JEFEREG A K% AP A, Pfu DNA
polymerase Il H |k T./3 F]; Tag DNA polymerase
W H Promega /A H]; Pt A VEGFR-2 Hiikll A
BIOSOURSE; HRP {BE:EHif 1gG, HRP {HEEY:
PioFE 1gG 1 BEBHEMH R4 A]; Ni Sepharose 6
Fast Flow ) H Amasham-Pharmacia; hVEGF165 H #H
PPERE TR Hy P [ 2 B R X R I B, AN S % 3R
k4lifk; “EHT hVEGF165 Hifklg [ R&D Systems;
HUVEC 4l ] 5y R 52 H B 285 K2 X0 5 1l 1 I 3%
HoAth x50 35 Ry 53 B 2
1.2 7%
1.2.1 [ #9774 KDR3 #9574

F Swiss Prot ¥4 /4344 X VEGFR-2 HUMAN
B KDR (4538053 17, 454 GenBank &R {5 &, &
a5 2 & A HIEEE (291 bp)iy DNA J3 41
314 bp, it 4 X514 K3 1—K3 4, 445 50 nt /2
A, BETEA 15~20 AH8EE B AR, X 8 2551 W) 8
T KDR3 4t BE . FRAE K35 (9 B Al K3_6 19
TUEBE—XF 519, 435 L ABREE A YT Neo T Al

K3 1 K3 3
l K325 K34
Nco 1 ‘

K3.5 EcoR 1

l K3 6 D
Nco 1 EcoR 1

KDR3
1 35| Nco |l #0 EcoR I iRF¥EF%IRY KDR3 EE &
RERERE

Fig. 1 Schematic diagram of the synthesis of KDR3 with Nco |
and EcoR 1 target sequence
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EcoR I iR G741, RAES PCR Mrik&id 34
PCR ¥ #7554 Nco I #1 EcoR I VI 5 Y H il 5E
K. PCR HIB JCHY I B ARG 5 — 48 PCR 195 | 91K 4
SE, JEEITE 55°C 3 60°C Z 1], AR 1,
1.2.2  FH#/f pET32a-KDR3 #9###5 K 7=

B FRY S A58 PCR =y el 4lifk,
Nco I Fl EcoR I UGV, 52 HH [N D) A0 2k 4
pET32a JE17i% %, pET32a-KDR3, WL 2. % T
AT E. coli DHSo, &% 5 R Pkt b
VEPAVETERE, Wk PCR. ) ER N P 45 5 PR
B8

EcoR 1
Ncol

Amp

KDR3-pET32a
6179 bp

lacl

—

YDVVLSPSHG IELSVGEKLVLNCTARTELN
VGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKFLSTLT
IDGVTRSDQGLYTCAASSGLMTKKNST

2 E?H KDR3 i ka9 iE
Fig. 2 Schematic diagram of recombinant KDR3 plasmid
The KDR3 gene was cloned into pET32a (+) at Nco I and EcoR I
sites as described in materials and methods. Bottom is the amino
acid sequence of KDR3

1.2.3 KDR3 /g7 45 Western blotting £

FLH AR pET32a-KDR3 4k £ ik7E 3 E. coli
Rosetta-gami(DE3), il &% Tet, Kan, Cam, Amp 4
FhbiA: R 19 LB - i e B 5ol o fefd: IPTG W
ARG IR 23 204k, AR EE R IPTG #k
JE FAS ] 1) Bsf (B BRORE, 75 U A A i, 15% SDS-
PAGE HLIKKIN H B8 R KRB 2 B E AR
ik 7 AR 45

¥ pET32a/Rosetta-gami(DE3)F1 pET32a-KDR3/
Rosetta-gami (DE3)i75 55 1 4H J i 7 5 R4 i it
17 15% SDS-PAGE iUk 4% E1 %] PVDF Ji& |, #&%
KL EST Western blotting %7€ . Ho—$i i A
VEGFR-2 #% 1:1000 HLfilF&EFEAE 50 g/L BiAg2F 0519
TBST, —#Hi>h HRP HEKAY 0% 2 5o bk #%
1:10 000 1% BAE 20 g/L s 4954 TBST.
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1.2.4  HHIEFIHI261E

pET32a-KDR3 B H7E 37°C T 1 mol/L IPTG
WS S h JFCERR, AL, BRI
6000 x g #.0» 10 min, B 3%, #47 CM BHE 735
RIREZEAL . CM FHES £ 5cHe R Bg S T 10 R IABF-1iy
ZZ 0 (8 mol/L JRZ, 25 mmol/L BEE4H, pH 4.0)°F
5, FRESE T 50 mL pH 4.0 -4 28 mhif vh i R 45
G AR RS G B T, RIS . B 50 mL 1Y
pH 4.0 1 50 mL pH 6.0 1% 2 Fp-FAiri, B EETR A2 2
WUEEAE, BJa M 1SR pH 6.0 PR e IR G
FH 1AL 1 mol/L NaCl PR, Wk vk i itk 17
15% SDS-PAGE HLIKKM 5 A 3 B & A g
HATEAE SR S B AMAC) 4tk . 8A 56 A 10 mL
NaAc Z i (25 mmol/L, 500 mmol/L NaCl, pH 4.0)
10 mL AKPE%, 5 2 mL pH 7.8 Y17
(25 mmol/L Tris, 8 mol/L Urea, 150 mmol/L NaCl)*¥
5, BN vk e G U 6 2% B (8 mol/L Urea,
500 mmol/L NaCl, 25 mmol/L Tris)FAik:, FEES,
JG4r A 5 mL B 5 mmol/L. 10 mmol/L .
20 mmol/L. 50 mmol/L, 100 mmol/L. 200 mmol/L
WK s 1 U I 2 bR VR B, M BR VR4 A, 15%
SDS-PAGE HLUKE VAN, 2% Hy w) 52 i G250 2 e i
AT, BTG R T-20°C {47
1.2.5 KDR3 X/hVEGF165 #5/4] #7445 25

F KDR3 645 1 # Ff 22 e 2 8 400 pg/mL, F
FEBFARAR_E A AR AR FL 100 pL, fpiid i, FvE
WUk 31K, 37°C B 1 h J53E 3 Ik, BfLIn hVEGF165
100 pL(2 ng/mL), 37°C % 2 h J5 ¥k 3 ¥k, il 1:1000
Pt A hVEGF165 Bk 100 uL, 37°C ¥ & 1 h 51k 3
R, 4L 100 L 1:5000 HRP {HIE E4i °F 1gG, 37°C
WEE 1 h Jaik 5k, #4000 100 pL IEY) TMB, ik
Y 20 min J5, A 2 mol/L H,SO4 £ 11N .
ELISA A5 IS ISEH Ayso 1L OGAE
1.2.6 KDR3 X/ hVEGF165 & ZHI55# k1A B 2
TG I

BRI R B B K K 4t L HUVEC T4k
FEH AN, W R 5 x 10° 4L/ mL, $EFhT 96 £L
REFEM, 100 uL/AL, B53% 24 h J5diil 0.5%/ N4 1ML i By
FH kYL B 24 h, 4 9 fm A VEGF165
(10 ng/mL)FI KDR3 (& 50 ng/mL. 25 ng/mL.
12.5 ng/mL . 6.25 ng/mL), %5l hVEGF165 #iliH
Ko Zs IR IR (n=4), T 72 h J5 MTT B0 & 20 i i v
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21 BWMEREREHKIRIETE S BIKEE
f—4 PCR ¥ 3 )N S5 #R AT 2.0% M B NR b
BERCHLURRT I, B A H 050 5 i T R — 29
W, B3 HUKER: AR, I H A, A
9 PCR 34 P W14 i 86, k4% 314 bp H Y DNA.
2830 P UE B P 91 58 A E A
1 2 3 4 5 6 7 8

B 3 PCR P4 BIIRASHE SRR FL KA T
Fig. 3 Agarose gel electrophoresis of PCR overlapping
products
1: K3-1 (84 bp); 2: K3-2 (87 bp); 3: K3-3 (86 bp); 4: K3-4 (84 bp);
5: K3-5 (165 bp); 6: K3-6 (167 bp); 7: KDR3 (314 bp);
8: 50 bp DNA ladder

2.2 EHEH pET32a-KDR3 BI L E

4 kAT 2 BonE4FR, KDR3-pET32a
FHl EcoR T iV J5 =4 6000 bp £ (K H B, 1
EcoR I #l Nco I WUV J5 15 21— W /N T i # 1 K
F Bt 5865 bp 1310 bp Z£470/NF B, B AH
Hy 3L R o

bp

5865
2000

1000
750

500

314
250

100

B4 = pET32a-KDR3 EE Y BYIRAG#E BEAS B Ik 7E
Fig. 4 Agarose gel electrophoresis analysis of pET32a-KDR3
digested with enzymes
1: pET32a-KDR3; 2: pET32a-KDR3 digested by EcoR [ ;

3: pET32a-KDR3 digested by ECoR [ & Nco [ ; M1: 1 kb DNA
ladder; M2: DNA marker D2000

PLT7 SR 3hF 511l w5 | 9, %o a6 20 sk i
A7 IE 1y A0, WP 452 5 GenBank H A
VEGFR-2 )74 text, 75158 4 —5
23 HWEB KDRMRESLE

AL AT 25 #iAR pET32a Y Rosetta-gami(DE3)#
MRS 77 A S i AR B 1 (Trx) 3Tt K/INM20.4 kD)
P iy k0, SiESATMHLL, A B EE
KDR3 M E 444K pET32a-KDR3 f#] Rosetta-gami
(DE3) @ ¥k 2834 30°C F 1 mmol/L IPTG 55 5 h J5 #
RZH FIEFEL 28 kD kb —TEWi A, S HME
FI I HESTAEAR AT o S[R3 5 2% 1 19 TR AR SR A T
VEXA B M50, B2kl Bl & 55 3R I R 5 0 i
Bon. WIAESRREEEOERAM SR, L&
BN FIEBEIR 20%. £ Western blotting #f—
WU, SR W E ARG 21 Trx-KDR3, WA 5,

kD M 1 2 3 4 5 6 1 2
97.2 :
66.4
443 —»
29.0 -
——— | — -
201 9 -
—
143 —®» of

A B

Bl 5 FikF=#I89 SDS-PAGE #1 Western blotting 4 F
Fig. 5 Identification of recombinant KDR3 by SDS-PAGE
electrophoresis and Western blotting
A: SDS-PAGE electrophoresis assay of recombinant KDR3. M:
sizes (kD) of molecular weight marker; 1, 2: supernatant of
ultrasonic lysed pET32a-KDR3 E. coli induced/not induced; 3, 4:
supernatant of ultrasonic lysed pET32a E. coli induced/not induced;
5, 6: precipitate of lysed pET32a-KDR3 E. coli induced/not induced;
B: Western blotting analysis of the recombinant KDR3. M: sizes
(kD) of molecular weight marker; 1: supernatant of lysed pET32a E.
coli after induction; 2: supernatant of lysed pET32a-KDR3 E. coli

after induction

24 BHWMEBRBIEL

HAMFHZ 30°C i 1 mmol/L IPTG 555535 5 h
Ji B A0 A A 3 e AR W LT A R A (CM) FH 5
T AL I AT pH VIR, b H A E
THIBE] 90%LL b, SEFE RS B — A,
W £E 150 mmol/L BRMEVEREZH 4, HIE A & EikF
95%LA |, SDS-PAGE HLIKZE R WLIE 6., 24 7l E
HAEE A i 26 mg/L. 4ifk)= 4k 5 i ik 4l
AT DASEA T ARSI 25 T A I
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972 — e W . F T I
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290 T 2
—P e : ‘. < 0.6
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2m—.;j 04 —
0.2
143 %
0 2 2 2 " 2
6 KDR3 % CM MHEFR#MMAETFI IMAC EFZ 100 50 25 12.5 6.25 0

s R
Fig. 6 SDS-PAGE electrophoresis assay for the purification of
KDR3 by CM cation exchange resin and IMAC
M: protein molecular weight marker; 1, 2: flow through by gradient
pH elution; 3: KDR3 protein eluted from CM cation- exchange
column; 4: KDR3 protein eluted from IMAC column

25 KDR3 5 VEGF B ELISA [B]#4&5%

Kl 7 7R, VEGF 5 AN [R5 B ) KDR3 Z [8]3
AR A SE G UL, Aggo THR/INVE KDR3 ¥ B2 52 IEAH G,
UL BIZ ST Fr 235 H9 KDR3 @A #1245 VEGF
55 BE T o R AR AT R AN MR B KDR3 AL il A A

357
3.0t

RN

jzm 3\

50t \{\

1.0}

.

0

400 200 100 50 25 0
Concentration of KDR3 (pg/mL)

7 KDR3 5E{AZESIE LR ELISA 24
Fig. 7 ELISA assay of ligand binding activity for KDR3 (mean
+ SD)

2.6 KDR3 ¥ VEGF i%5H) HUVEC A iat& 58 /Y
EE]

16 TG KDR3 145 K, VEGF fe 5 25 54 fin 41 it iy
HagE . K 8 fon, fEANETE VEGF fil KDR3 [AlH 77 7E
i, KDR3 REIE M6l 4MEM: VEGF #5531 HUVEC
YN A AR, H2—E MR R o TE BT il
%1 KDR3 HA 5 iA& VEGF #5454 s 1k .
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Concentration of KDR3 (ng/mL)

8 MTT ;£4#1 KDR3 3t VEGF iS5/ HUVEC 4kt
HETE RY 1
Fig.8 MTT assay of KDR3 on the propagation of HUVEC
induced by VEGF (mean = SD)

7tk

HHT5ET-LL KDR F1 VEGF g #2 st BE W s 4 fl
VEGF &SR EEERFLUTILAJriE: Bt
VEGF Hiii ., aliE M VEGF 13214 . HT KDR ByFiik
F/N4yF KDR BVER (g & B4 i 5017, BR T4t
VEGF M#HiiRT 2004 4E7EEE i LIAh, HAb AT
FEIIAE T RS R TGP B o LA KDR S sS iE A 7
otk sl a2 R BE Rk oA B, BTt
KDR #1 VEGF WI#%0C R BIWF5E 7R T KDR Jd4h
74~ 1gG S5 Ab 3O FeAR A2 AR B VE AR R, BN AN
WFFEHRAE A SN EF XTI AN 1~3 X 5~7 XAl 3 X AAH
R BEFRIk, WINH VEGF AL, Tl
@ik KDR MIAhZik 3 X, —J5m, & nl sk
VEGF Z (&M Dhfg i B, #E AR 5N EPE VEGF
gh4y, NI VEGF, BHWTAC A 40 i fs F 452552
& VEGFR-1, VEGFR-2 il VEGFR-3 {454 i # i
VEGF JrifE s S isse, 1FEH T MeEan i, s
DAA I b e 3G A5 55— i, DAFR il 45 9 KDR3
A, R AR SIS = AR LR B R, HEAT BT
KDR FREEHUIARRHI %, MEH] KDR M B THT
R 5 K

AWF5EvERE T N VEGFR-2 J£[H KDR3 [X, Jf1E
JRAE R IR RGARAT T RaE Rk, Rk YL b
Pr&, LA EERNTERSAAIE. SCHkiE B
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S AT AN HUVEC 4. N B2 4l cDNA S
4 RT-PCR Wit 56 4k45, xR RAES
PCR 7E4A M KDR3, AUHEE T40C%, HAEfHEH
MR B R B, 59 AMEH R T K 5 I % 2
PR RAE BT, ERIBMCK, 7F PCR ¥ 1Bk
T 14 PCR YAl DL EEM B AR S 2 4819 PCR
DLAL, A # 06 Z50 DA B B WRE e v IR/ A R — %
PCR MIBIMR . SE56 ¥R A KB FF i BL21(DE3)fE
hFIRTE F, ATEPERIS Y Western blotting H]
DI H 8 1, {H7E SDS-PAGE HLik LM
BAFNHMFN, BWEARZSTEBERE. 50
AIfig T KDR3 JPAI A EBAWA BT, 75K
FrE P RIAZ IR, A Rosetta-gami(DE3) I {FE h 3
KREERNE ERS TTAEEEANERS.
Rosetta-gami (DE3)J& 218110 i 33K 1, HPERE
H—Fh R PUER . 5 pET AR BOR AR (A A
AL T (RNA, BEAS B W 00GE KA b i T 56
A BT A F A R, T KDR3 P40 & A 5L
ANFEAT BT o IS Rk R e T AR AR T EA T AR
IV TP B SR T 1 I e 2R

HE4T KDR3 My4ifb i CM PHES 132 i g 1 1%
BB R P IRATR I, ERESER A pH 2%
MR BRI G — YK pH 4~6 A JE BRI NT 44 1 2=
BRI OCHEAE R, (R CM B 54— Fh2lifk
T-Bik 5 90% M2l g, 3% $dm TR Ni ARz
BT At Al A it iy T e 12 i 57 1 H 2 11 ik
BAHR 10%, A& HWERICE S 26 mg/L, A
DL T B BT IR A 45 AR SN W24 TG MR R 52

X206 % 45 9 VEGF o AR W2 106 1 A i 09
FESLK R N fESMNEY: VEGF (9774 F, HUVEC
2 0 ) 38 A P e B o, O EL SR B R LA vk AR
P£. 10 ng/mL VEGF fER FALMIE K 5= HUVEC
4 24 h, 53E VEGF U2 AH o 40 i s 5 45 for 3
i, # 48 h BEFHARIKF] 67%, 72 h 5 F] 50%., ASLE
t KDR3 1 VEGF 3:[FI/EH HUVEC 40ffl 72 h, i
A% 0 KDR3 @il 5 25 1 5 B IK VEGF figfr S PE4s 6 o
Y REAL T 0.5% M I T b THUBARES, AR T Ug

A2y kA L sZ e, SC S 6 VEGF H G
KDR3 ) %} B 24 JLSF- JC 40 M i 4 5, AR A5 F
MTT 15 Agoo KT 0.2 (n=4), =56 RN INA
VEGF F1 KDR3 4 Ay KT 0.3, 3 H7E KDR3 100
ng/mL il 50 ng/mL B4 —F15, Mii#Ell VEGF F1
KDR3 fEHAE T80 P, BTk VEGF X4 ji
) A KA AR T REAFTE o

TEJ5 22 RIS TAF il B 2 A= 908 i B HoR

5% KDR3 5 VEGF 454G sl J12 451k, sl
A AR R BeRE T S IR AN (X JH T DA R &
W 5 A AR AL T B — 2T

ARSI A T BT A R T A 2 A

KDR3, MG Az B85 1) BEA T 30 e 2 20 4 R
KPS, It KDR3 FE SR S 1 BRAE 4T
R AT T 1 5l
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