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i E. A EREAPERSER (Bufo gargarizans ) WESAIZ BT -1 (Endothelial differentiation related factor-1, EDF-
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F5 K F769459), A9 % 8 F 69 4m 45 b b A X ¥ 30 oA 5 AT AL R Azt e K AR5 Ak, ARG REER KRR, AX
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JRABENK AT (E. coli) BeZ 240 BL21 (DE3), 428 IPTG #FEAF G kL, ke Tmsa, s TmEa Lk
DR BRI E AP AL KYER EDF-1 $9 3 dnif, A5 it Western-blot #= ELISA A& 3t fo i 69 45 F- I B R 2. T4 P 4L K36k
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Prokaryotic Expression, Purification and Antiserum Preparation of

Recombinant EDF-1 of Bufo gargarizans

LIU Yi-jun JIA Yu-kun WANG Ling-fang LIU Hong-xing YANG Xian-yu
( College of Animal Science and Technology, Zhejiang Agriculture and Forestry University, Lin’an 311300 )

Abstract: This study aims to acquire the recombinant protein of endothelial differentiation related factor-1 ( EDF-1) of Bufo gargarizans
and high-titer antiserum. The open reading frame ( ORF ) of EDF-1 of B. gargarizans has been cloned ( GenBank accession number : K
F769459 ) in previous studies. However, the recombinant protein using original ORF was not expressed in prokaryotic system due to the codon
bias that might make the codons of B. gargarizans difficult to be recognized in prokaryotic cells. The codon of EDF-1 ORF of B. gargarizans
was optimized, synthesized chemically, and inserted into prokaryotic expression vector, thus the recombinant plasmid pET-28b-EDF-1-
Bufo for prokaryotic expression was constructed. The recombinant plasmid was transformed into Escherichia coli competent cells BL21 ( DE3) .
The expression of recombinant EDF-1 of B. gargarizans was induced by IPTG, and the EDF-1 was purified with cobalt agarose. Then mice
were immunized with the purified recombinant protein to prepare the antiserum against EDF-1. The specificity and titer of the antiserum was
determined by Western blot and ELISA, respectively. As results, the recombinant EDF-1 of B. gargarizans was well expressed and the
antiserum was highly specific, and the titer of the antiserum against recombinant EDF-1 of B. gargarizans was 1 : 8 000. These results lay a
foundation for the further study of biological function of EDF-1 and provide important reference for development of antitumor drugs for inhibiting
endothelia cell differentiation.
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N Z b - -1 ( Endothelial differentiation
related factor-1, EDF-1) &5 J&4F HIV-1-Tat 2P
NS B AN rh o B i), ELAT A0 L4 P B 4 i 20
AR AE R 1, T8 9 2 R TR BT I
EORSRMEE TR BT, SRR 048 T T DL
il e A A

DAWERR (Bufo ) RRIOWE Ke | WETRFAIEACSE
VEmtegerbsy, RS, HUs . MR I LUK
F IR S 2 R Y, Tz T 2 s
I RETT, AR R A93A YT 100 r TS B g
PR PETE S ——HRME R, BA RIEFRIHUMRRL
R, HOEA KR, HAtMIE A 8082 2 Ik
Sl 08

Vi BT L P A 22 4 DA S5 WS R 12 SR AH S D e
MR SRR TE, DL Ak e ik b &G 1 2
JR AT RO AT T O i T B W 0k R B Y
ZiFME AR 25 TF KW RE, MR 22k h AR U R
( B. gargarizans ) EDF-1 F¥ i %] 32 #E ( Open reading
frame, ORF) 7 MV v b 2B R R R AR e A
EHMRE, HE2RBEENI. AT hHER
Uik EDF-1 1) ORF gE47 TS 1Mk, FFZATAw
B AL E A Rk A BORL, A SO i il o 2%
WL A 4 RWELR EDF-1 [ A% RIB AR Iy
%, BEAR AT SRR LAl LG 5 b E A
HAE RS LR EDF-1 UFTIM T SE Y SE I g ), IR SE
AF A AU A 1 A0 53 A P AR S ) B A S B A
1 #R5HE
L1 ##

111 S25 sl ICR /N B RUIRDRLE T VLA 52
Bahyrbity, N 40 H IR AR 0 B

112 SEEt R RIBHE (E. coli) 52 2540
BI21 ( DE3 ). PVDF i, Protein Maker. SN 3t -B-D-
i A8 2 FLBE 3T (IPTG ). R B % 5 (Kanamysin,
Kan ), /NPT His-tag HUARFIBRART AL BFRIC L F
LN BBUAR A 2= RAEYHARPEST 3 X-tractor
g BeyoColdTM His-tag Purification Resin (&5 e ) W
H Clontech A H] 5 LG WM Z 00N & 45 A=Y Rl
BABRA T 5 3 P58 A0 F0 I A 58 447500 1 T

Sigma 23 F o

12 7%

1.2.1 BEAFRKEAMME  ERTH TAE P
JR R B AR BB 1E £ R IAAF IR Rk, &
A BE R 0 7 A D i, DA% 4NN Y 0 A R
12 4 M o A 7R R I R ME. 38 3 E. coli Codon Usage
Analysis 2.1 AT 205 T ORI 0o AREE I
WL, W ER A T T G AR KU % EDF-1
( GenBank % 3% 5 K F769459 ) 1 ORF Z= 46/ vl if
TrEms i, e, JFEE SRRk A
pET-28b, F4 & % 15 ¥ {i fbJ5 1) 3 41 i ki pET-28b-
EDF-1-Bufo.

122 HAFEAMHFERS B EH TR pET-28b-
EDF-1-Bufo At 2 &2 52400 BL21 (DE3) 1, ¥&
AT LB AR FREE (55 50 mg/L Kan ), 37°C{H)'&EH;
2 12-15he WKH, B—HREVFZEMT 1 mL LB ¥
W (% 50 mg/L Kan ), 37 CIHIRIEHEFE 12-15 h,
P RS TR BRI | % I PRBEFPF LB Bi Rl %
50 mg/L Kan ), 7£ 37 CHRIEREZRIFRZE 0Dy, H 0.7-
1.0 BF, WA IPTG fHHZGKR B 53524 0. 0.001, 0.01
0.1. 1 mmol/L, FF7E 30°CH 37°C4r Rk T HLHE
iRk, BERR 1 h I — R E, B0
FEH, A 1 x SDS-PAGE I FE2% npifk 46 i 1A T
TR S HL Tk (SDS-PAGE ) DIRREL
EAHRRIBERAAESRM . (11 His-tag e BEHLIA
1T Western-blot LI g1l i F Rk EH M HBEH .
123 liEvERI R alifh  He Rk A E, X
2 AR RIE S EDF-1 T R 52 3RE . EIBUEM
0.5 mL 1% 3% i & 44 Hh i A 40 pL X-tractor, 0.05 pL
DNase [ 0.5 uL 12 mg/mL VA5 T e R A Jpe 2
SRJT 16 100 x g B5.0 20 min, H443 8500 E I MVLTE
Sy EAT SDS-PAGE . A 4f o] ¥ A I 5 5%, e
VE, RS AL, B2 mL AR (7% 1 mL
AR ) INAZAAE Y, FIPF#5 (pH 8.0) HE ik
SEAERUS , A B3 SRS 1 h, ARG 2
mmol/L WKM7 (pH 8.0) P 5 ¥k, 150 mmol/L
WRIR Y (pH 8.0) VEIBE, &k i) = 41 & 11 4E il
PG TR

124 /NEPTEA PSR EDF-1 HT M0 1 &
R IR S APEFIOAN RN o 2l Y 2 rh AR RS ek
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EDF-1 (WY 1.5 pe/L) 35 mL 590 G52 44k
FI1 s LIRS, /DR T Z 8080 s WG 55%
RAGERAH 1 - VIRS NS, 2B EA
—IR, HARE 4R IR IR GsE— R ORI,
1 500 x g 5.0 30 min, 35 R/ FUPT S 41 A A KUE
Ik EDF-1 HUIMIE . PG F4F LS 2L Western-blot
HEATASIN . A5 G A R ) 42 ELISA, LA4lifbiy &
ZH AR KIE I EDF-1 (2 pg/mL) AP, I/NEST
HA AR RUE R EDF-1 HUIME I —dt, BT N
AR BEATEC L 1000 JELE 2 5 RE. BE)s, dF

Codonfreq (%)
100

0. | |

AT ODyso KU, BT I3 5 BT R EfE (PN
= 2.1, B AR .

2 H#HR

2.1  ERAPET-28b-EDF-1-Bufot) 3 1%

MR E. coli Codon Usage Analysis 2.1 AL B
iR (K1) Bonp e RIEER EDF-1 4 16% %651
TER B H il AR ZIN T 10%, AFAE TR0 R XE Y
[, ZFEA b e RIS R EDF-1 ORF HY%#565
TIAER (K 2), EEERERRERE, REHHE
pET-28b-EDF-1-Bufo B4 ki .

EDF-1 MGGAGTGAGAGCAAAGCAGGCGATACGGAGGCAAGGGCGATAATTGGCAACCGAAAAAGACGAGAGGCCCGAGCCGGGAG

Codon

TCAGAGACTCTTGAAGCCCCACACAACTCCCAGGGAATACCAAGCCGAAAAATTCAACCATAGACAATAAAGTCTATGAT

GGGCCGCCGCGCGGGCGCAGGCGCAGAGTATGAAAAGGGGCAAGTCAGCGGCCCAGCACGGCAGCAGGTCCGGGAGGCAC

Codonfreq (%)

100

0 n

EDF-] ACCGCCTAGTACAGCGAAAAGACCGAGGTGAGAGACAACGAGAAGAGAGCACCGAGAGACCGGGCAAA
TAAGGACGGTCAAATCCATAAACATTCAAAGGACTCGAATTGATAGCTGTATGGGATGACTACTCACA
Condon  (660AACGCCTGECGCGAATAAMAGTCTTATAAGTACCACGGGTGAGT TCGGTAGTTAAACAGCCACA

W T T ARG B R A TN T10%:

WG TAERIAT B R AR T 10%

B 1 shEEXRIEL EDF-1 B3 SXRGTFEEBFRFED R

22 EFL P AL KRIERREDF-135 -5 A8 09tk

B F 4 ki RS A E. coli BL21 (DE3) J&, fdifH
ANIFI) IPTG WREE | B[] AL B 75 5 i 2 rh AR R i
EDF-1 {335, SDS-PAGE 453 (K 3) B, BRxt
HEZH AN IPTG ¥ 0.001 mmol/L FORE S AL, HiAthAE
A7 20 kD BRI H B o R, S
W43 ¥4 19.662 kD JE# #2236, I H 175 5 1 1]
MAER T IPTG Ve B A3 ik s n . e/ E 4l
B AL AR DL R AR R R A O, BEER
37°C (23 H A ). 0.01 mmol/L IPTG Fli% S 3 h
VE Rk 44

2.3 A

AT PERE I (1 4) B, 4l A R g
EDF-1 25 1 F 2504 T B3EH, /NG o3 A T4 ik
(NGRS
2.4  ELR 69E G0 S IR T

e ERIEAEAEAMEA, H1
His-tag AN —HT 2t Western-blot K6 . 25 5 &
5, ki 2 M1 4) WoR, IPTG U5 S MRE S 1E 4> T
20 kD Bz BB R I015 5, 55 SDS-PAGE 45 R4,
FKWZE S HEN
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Before optimization  ATGGCGGAGAGCGACTGGGACACCGTGACCGTGCTCAGGAAGAAGGGCCCGACCGCAGCG 60
After optimization artceeccaBaceanfiteceafiacceriaccercet@eccanBanBocicceaccacfcd® 60
M A ESDWDTJVTVTLRTEKTEKTGT PTA A’
Before optimization ~ CAGGCCAAGTCCAAACAGGCAGTGACTGCAGCTCAGAGAAGAGGAGAAGAGCTGGAGACG 120
After optimization caceeeanBBGeaaacaceeacTiacBceaceccacBelitcloclicaacallcTeercacl 120
Q A K S KQAVTAAGO QT RTERTEGEGETETLTET
Before optimization ~ TCCAAAAAATGGTCTGCCGGACAGAACAAGCAGCACGTCATCACAAAGAACACAGCCAAG 180
After optimization .CAAAAZ—\ITGG-GCCGGICAGAACAAICAGCAIGTIATCACIAAIAAIACIGCCAAI 180
S K K WS A GOQNTZKOQHV T K N T A K
Before optimization ~ CTGGACAGAGAGACCGAAGAGCTGCATCACGACAGGGTGCCGCTAGAGGTGGGCARAGTC 240
After optimization  cTaeacBo@calaccoancalicTacaTcalicaiGcBercocicTBoaloTocdiarBeTE 240
LDRETTETETLEHTHTDI RYTPTLTETVGEK V
Before optimization ~ ATCCAGCAGGGCCGACAATCCAGGGGCTTCACTCAGAAGGACCTGGCCACGAAAATAAAT 300
After optimization ~ ATTCAGCAGGGCCGCCABAGCEGEcaTTiACBCAGAAGAcTacccACEAABATEAAE 300
I 00 GRQSRGTPFTO QE K DTELATTI KTIN
Before optimization  GAAAAACCACAAGTGATTGCCGATTATGAAAGTGGAAAAGCGATTCCAAGCAACCAAGTC 360
After optimization caBanBccBerfcreartacceartatearnclec@arBocarrecBacearccaleTd 360
E K P QV IADTYTEST ST GE K ATLITPSTNG QYV
Before optimization ATGGGGAAGATTGAGAGAGCGATTGGTCTCAAGCTGCGTGGAAGGGATATTGGAAAACCA 420
After optimization arceclanBarBenllcceacatBecrcT@arBeTecaTcBBGBGATATTGGTAAACCE 420
M ¢ K I ERATIGTELTEKTELT RGT RTDTITGEKP
Before optimization CTCGAAGCGGTCCCCAAAACCAAA 444
After optimization ctT8eanccBerBoceananccana 444
L E AV P K T K
s PRARIE B
B2 HEXRiELR EDF-1 ﬁmﬁﬁuﬁm}a ORF FHEF7|
D 234567 8910 MI112131415161718 1920 D
116 o
66.2 .
45.0
450
35.0
350
25.0
25.0
18.4
18.4 14.4
14.4 o X i, i BN
M ARMERE T 5 1 s RIFESFHEWE; 2 - IPTCIFEFEMAN 5 3 IF KR
. 2345678 910 MIII1213141516171819 20 WS 3 4 SRS TR
116
6 B4 FAPLEXYELR EDF-1 WA MG
450
35.0
25.0
184
144

AL BRI 30°CH 37°C 50 R EALFHRL pET-28b-EDF-Bufo 1753 365 1 F:
By M BRUMEZEE 5 1-5. 6-10, 11-15 Fl 16-20 4358 IPTG #5551, 2
4 h EER 5 1-5 205128 0, 0.001, 0.01., 0.1 il 1 mmol/LIPTG ¥ J& /5 %
HIRERL 5 6-10. 11-15 A1 16-20 LA

B3 BHAPEKXER EDF-1 £RE
B &4 THIFESRIE

. IPTG iRE . B

2.5 D RAAEDF-1-Bufodi s i
ey
Western-blot f 255 (&l 6) o, /NEbrE
R AR RWE IR EDF-1 1 5T 035 45 5 P R 4. kel

ST ¥ 8 il

M : FRUESET 5 1, 2 : SDS-PAGE ; 3, 4 : Western-blot ;
SHIRES 5 2, 4 IPTGES 3 h (kL

5 EZAEKIER EDF-1 B Western-blot #&ill

1, 3: K IPTG i

ODyso 255 (R 1) BI/R, PriiEmBMAEGRs 1 -
8000 B, PAN{H K 3.1, KT 2.1, MBAEEGET] 1 -
16 000 s}, P/NA{E R 2.01, /NF 2.1, SOZPTMLIERL
A1 : 8000,
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kD
116

66.2
45.0
35.0

25.0

18.4
14.4
M : FRUESEFT 5 1, 2: SDS-PAGE ;5 3, 4 : Western-blot 5 1, 3 : RiFEFFEM ;

2, 4: IPTG 55 3 h HIFEN

6 EZHEXIEN EDF-1 Wi iE A —HiH) Western-
blot #&i

#& 1 EDF-1-Bufo ELISA % 558

Dilution OD,5 P/N +-
1: 1000 1.45 11.19 +
1:2000 0.89 7.20 +
1: 4000 0.58 4.67 +
1: 8000 0.38 3.10 +
1: 16 000 0.25 2.02

1 : 32000 0.18 1.46

Negative control 0.12

+ o ATRORRE 5 - JOR R

3 g

PN B 200 7 T LA PN TR ) B2 - b Bz 4
JL, AR RN EE, R, TEN ARy ok,
HUBEA BT MU BT e I PR S sh ) S Beie i, Al
PR A K R AL 7 38 e A B I A AR R I
BN B A A E SR, RIE B
JEEEIR B 1-2 mm SR ARG, PR i i 983 i
R BB AT R 2 —

EDF-1 AT I 4 K 450 AL /R, REABEH
W BT I A il EDF-1 ANAE N ZE 0 A K2 20 v o
B, ENR BE R ST B 1
YD 2 BESE R B, A AT BRI A o2 A Y
H—% R (NO) fEH L b ik B2 BB AR, 1M
EDF-1 7] DL i 55 4 o P A A R R 25 5, e —
AL U T, AT NO I & 8 P
N AW K, EDF-1 5 %K 4% ( Bombyx mori) 1]
MBF-1 ( Multiprotein Bridging Factor-1) 71 %% 5 I’ 44
( Dictyostelium discoideum ) P& T IEH HT 5
FERIE, PR A$EH , EDF-1 AT RE &5 LG
i 3 4545 38 T 57 7 TBP ( TATA Binding Protein )

PRI R B Rk, SRS 5 9 R A A Ak i
(HIEL S A e e 20,
4 Z5ig
A ST B WA AL T AR K WE R EDF-1 ORF 1) %
7, MR R E R, R P AR s iR
EDF-1 iR iR e 2k, ARAGRE SRR
KB/ NPT A R IE R B 4] EDF-1 PTILTE, H5
JEXF EDF-1 A 3 RBAF i — D98 55 T R AT 5L
TE ARG By Bt EDF-1 1 & I35 75 W gk e
JRA 25, EDF-1 1R A] g b i Z2 KA 3L
Wz

& % Lk
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