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B %5 A7) & % M B R kA #0k pGEX-4T-1 L, #3 X GST-Rs-AFP, B & B G A A Nk, £ & A-B-D-AK F LB F
(IPTG) #% & KX TR AR H X AL GST-Rs-AFP, €4 %8, 2 AR A% EH L8 BoF4E KAT 4k
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Expression of Rs-AFP, in Escherichia coli and Its Antifungal Assay

LU Yan'?,LIU Bao-ye’,JING Jin-xue' ,ZHANG Zeng-yan®
(' College of Plant Protection , Northwest A & F University , Yangling 712100’ National Key Facility for Crop Gene

Resources and Genetic Improvement/Institute of Crop Sci ,Chinese Academy of Agricultural Sciences , Beijing 100081)

Abstract: Rs-AFP, is an antifungal peptide from radish( Raphanus sativus). In this study, the full cDNA se-
quence of Rs-AFP, gene was synthesized ,and was sub-cloned in-frame to the 3’-terminus of the ORF of Glutathione
S-transferase( GST ) in the prokaryotic expression vector pGEX-4T-1. This allowed the recombinant protein GST-
Rs-AFP,to be highly expressed in cells of Escherichia coli. The recombinant protein GST-Rs-AFP, could be ex-
pressed in the form of inclusion bodies after induction by isopropyl-p-D-thiogalactoside. Then, the GST-Rs-AFP,
protein was solubilized , denatured, refolded, and purified. The results of antifungal assay in vitro showed that the Rs-
AFP, protein exerted obvious inhibition against the growth of phytopathogenic fungi,such as Rhizoctonia solani,R.
cerealis , Bipolaris sorokiniana , Verticilliulll dahliae, and Fusarium graminearum. Therefore, Rs-AFP, gene may be
useful for improving the crop resistance against the above pathogenic fungi.

Key words : Antifungal protein Rs-AFP, ; Refolding; Antifungal activity ; Phytopathogenic fungus
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MHEZ2ER MEMEYRREENRSEAN
BEH AT MAKEREREEEH,
WHRRA,Re-AFP, WL S EAH A E A RE L
BREAERETH SRR SHE/ER, B\
RIEH 450, BRI B B 4,518 Ca™ M H' )
KSR, HAT IS ARG R E (ROS) #1m,
B E R KRR, RASBARE T,
Hit, AAEE TR FRENERERS AY K
WHATRE, R LAY %R E , 7T LA B
VHREE RN EY K E., Terras 5% Rs-
AFP, 5 A 3594 T %t Alterna riabrassicola #i ¥t
BEWRNEKPREWREE,

AHRMWET ALAEM R-AFP, EH W R B &
REAR, Rs-AFP, E RV HEAR T RIE, B —
RIMBHEBERENAGLEA S HEEMNR
YEY 9% SR B B AT PR SN E 2 7, R4 Rs-AFP,
BENEREDIER R T BN RAKE,

1 #H5%F%

1.1 ##8

R4 Terras %) F1 NCBI & Rs-AFP, % H ¥ 5
(DQ979838) FM/NEMEMEHBF ALSBET Rs-
AFP,ERMIRWIG 75, /NE LUK 8 ( Rhizoctonia ce-
realis ) /NZ 7% B %% B ( Fusarium graminearum) 3| B 1L
BB RN 2ZBr , KRB B ( Rhizoctonia solani) (/v
E 1B ( Bipolaris sorokiniana) WATEH ZE B (Ver-
ticilliulll dahliae) W B % B AR BER YRR T BT
1.2 H&E
1.2.1 FRixHawwme FHATIY(FF RAFP-
BamF: 5'-CAGGATCCATGGCTAAGTTTGCTTCTATC-3';
RAFP-SalR; 5'-GTGTCGACTTAACAAGGGAAATAA-
CAGA-3'"),i#if PCR ¥"3¥ , 7 Rs-AFP, % H &) ORF
FEF 53 hn & BamH1.3' 3500 & Sell B0 4L 5 , &
B3 pMDI18-T % & L # & Bl & pTAFP2, [
BamH1 #! Sall W B 4] pTAFP2 fl R B R X B &k
PGEX-4T-1, )5 T, BB Rs-AFP, ZH K
ORF ¥ 3 f& P XU B Y] /5 49 pGEX-4T-1 &k
GST 3'i , B N E A E A GST-Rs-AFP, i R ¥
REBE HUBKBHITHE TOPI0 REEHAKR
HLEEY% PCREE WP, IERFERME
4 J& B fy & % pGST-Rs-AFP,, B ¥ pGST-Rs-
AFP, b ¥ 4L P K B #F B BL21 (DE3) B 54
K (EL,

lacz lac-promter

s GST Bamll | lacZ
| EcoR | 1 ~BamH |
.gm [ AFP,
Il PGEX-4T1 oWt Ampr pMDIS-T W Sall

Not | "
Ampr-promoter 2935bp /

49649b
P /

Ampr

S

pBR32

lacl B pGST-Rs-AFP, W<ZYpo|

N
5193bp .-\m‘;‘fi')llomoter

Ampr
pBR322

1 MAEERERK pGST-Rs-AFP, HR TR RER
Fig.1 Construction of the fusion protein
expression vector pGST-Rs-AFP,

1.2.2 pGST-Rs-AFP, EXGHEPRHRE W
% pGST-Rs-AFP, ) BL21 BEHEH T & S0ug/ml
BAFXHFEEX (Amp) LB WA R, 3TCHFR 12h,
WIS 1:50 1 LB 8 % (5m]) LB W fk 3%
723 (& 50pg/ml Amp) JTCHE K S ,225 ¥ /min
(rpm) & H #5371 ~2h, 0Dy, 35 ) 0.6 ~ 0. 8 I, fin
ARTR #-B-D-Hi A 2 24 H (isopropyl-B-D-thiogal-
actoside, IPTG ) '™ 2 4 ¥ ¥ 7 1mmol/L, 4k 4% 35 3
4h, B E A B R KA B L E P, 8000rpm B L
10min, % &%, F3E R E WA 1/10 45 PBS &
PRRE BT R R NI UE , Sml 40 B VRO TS T R
(50mg/ml)50pl BRIk Smin, #7 B R Ei B, WA
F i E R 10 kG, 85 (30s-ON/10s-0OFF, 20
kHz) 244% 30min, 12000rpm .0 15min, £ 10p E
HHRAEFT BT OIOREMAS A 2 x SDS-PAGE
FRE P, B K78 10min, B 10pl # 1T SDS-PAGE
(4% VAR e, 12% Y B IE) AT E A REWE R
1.2.3 HHEAWARFSRE W EH pCST-
Rs-AFP, iy K % #F ¥ BL21 # # F 5ml & Amp
(50pg/ml) 49 LB ¥k 3% 3% 2 7 ,37°C \225rpm B 5%
12h, W B W% 1: 100 #EFhF 500ml iR LB ¥ W
BB 2~3h HZE ODy,i58 0.6 ~0.8 2
{8, ALK E 1mmol/L IPTG, Bk L4 B 35 3% 4h, B
OBUEEE, ¥ 1L KB 100ml PBS EH AR, 2
BHEMNHL, WA RE KRR, # 75 B, 12000rpm B
A 15min, 43 S04 £ & RITTIE, & ] 10p AT
SDS-PAGE,
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1.2.4 GFkHEHSAL SEIRTVHR
MAXBR, EEX R X EETRL,
EBRTIMTF A& - BEOREMTR(GRE) AR
WTUUIE 3 A5 B 4 B P 4 o4 28 p ¥ (10mmol/L
Tris-HCl,pH?7. 8,300mmol/L NaCl, lmmol/L EDTA,1%
TritonX- 100 #1 1mol/L urea) Y3 1 1K, Z B & Smin,
BO, 2 bW, WENRE, RBTIEALEKERS
K, B KV IEHTE 4C,12000pm B> 10min, Fifd
LR T H X T T3 10 A5 FR B0 0 8 28 wh ok
( 50mmol/L Tris-HCl, pH7.8, Smmol/L MgCl,,
2. Smmol/L B-mercaptoethanol,0. 1% ( w/v) Tween 20,
8mol/L Urea) , i B 1h, Y F Rt ., 4C,
10000rpm B§.L> 20min , W %W,

£ R 1 V5 % W I 0 A B buffer (0. 4mol/L
L-Arginine,2mmol/L DTT,0. Smol/L NaCl,50mmol/L
Tris-HC1,pH8. 0) , 3 R B 8, HZRIMI BB A &
B ULE 4 CHLE 24h,

BOEEDNEF BSANEAES) fEirfk

Mk, RAEDHMBRNZAE NEEARK
.
1.2.5 @MREEEMNE RA®ZLEKMEH
B UMEEE RO RDNERER O EEE
t, 7EHH PDA R AN BRI (HR =9em) F
DREROCEELTA(ER =0.5cm) , HHLEH
FREKERWREERERERHTHORN,
BTHERER 2d, RAFERZE 2 ~3em B,
32ug 5 #E B9 GST-Re-AFP, % 14 (60pl, 535ug/ml) |
4% buffer BT BB 4CHEHH TR,
REAZLBARREFERS, 94 25CH B 1%
24 ~48h W BMEB K LE, MEREHTEN
T MERE (%) = (RELBNEZB.LEDZ
ZEE -HOEALBERHEBRELZLEZE
BY/REXBNEKBAOCENEZES x100, X
HEBRX GST-Rs-AFP, " GST % {4 % B 2 £ K Y T B 5%
W, % GST fE %t R,

PEBLZ GST-Rs-AFP, 4 FI K9 /N 3 SO 7 88 (9
BNGH 2  REFBR L RAERERE K
22 B #4 (Olympus microscope 2H-1) B K 200 x 3§
BEALE,

FEX S WA GST-Rs-AFP, HE ) PDA 5 5H %
5 %4 8 tE buffer ) PDA #3535 F 50/ F QU #
WHERK, BT 5CHEFEREER, WENE
MR EE R RSN

2 GRESH

2.1 FEuRsHEHHE

WA 1 iR, B A PCR ¥ 905 B 78 Rs-AFP,
BB IREM BamH 1 \Sal | B {7 0K HE
Bl FIREREYIE pGEX-4T-1 A H Ik, 58 if H % PCR
R BT, A B AR RS BT
TE B Bk Y 5L RE , 42 B RE, ¥ 16 BL21(DE3) #
2.2 Rs-AFP,EEMESRIERBEEEH

1L SDS-PAGE #:1) GST-Rs-AFP, @& E A
Fik, GRNE2 R, 2PICESREME, ¥
A GST-Rs-AFP, ] E. coli BL21 HEFHMMEH A 1
%Yy 35kD B GST-Rs-AFP, B R IEWH, T & Bk
pGEX-4T-1 X BiE 7Y L EWA 1 &4 26kD K
GST B & 4,18 ¥ GST-Rs-AFP, % K 7E K i #F
EAKTRETEE, HEFREW GST-Rs-AFP,
KA (2195% ) S A FEDLTE P , 1o B K B #F 7 40
HithFiE M CST-Re-AFP, EAE AT E R UM KK
B R A7, pGEX-4T- 1 ) GST 7E K /i ¥ 1 41 AL 3%
FYW EERPRE,

W ERETIIE ST YR W E A, F
FH SDS-PAGE R ZE R EH AL R. HRE
B, Z )5 GST-Rs-AFP, h ZE & B B (H 2,

Lane6) o 5 6 kD

2

~ &-—w :;.2
: ‘--\l AR s 35
2 265

20

el o144
2 SDS-PAGE RAIMAER
GST-Rs-AFP, 5 S RIZLER
Fig.2 SDS-PAGE analysis of GST-Rs-AFP, protein

1:IPTG 5 # pGST-Rs-AFP, 3K Fe M3 ;2 : IPTG ¥ %4 pGST-Rs-
AFP, 3% LW M: T B3R 4 T R4 M4 PTG ¥ 5 i) pCEX-
4T-1 B34 LW W5 IPTG B T & pGEX-4T-1 SRS M UTIE:6. X
# GST-Rs-AFP,
1 : Precipitation of pGST-Rs-AFP, after induction with 1 mmol/L IPTG;2:
Supematant of pGST-Rs-AFP, after induction with 1mmol/L 1PTG; M;
Protein molecular weight marker;4 : Supernatant of pGEX-4T-1 after in-
duction with 1 mmol/L IPTG ;5 :Precipitation of pGEX-4T-1 after induc-
tion with 1mMmol/LIPTG ;6 : Refolded protein GST-Rs-AFP,
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2.3 Rs-AFP HiERKKSMDE 1

M EBELEYREAEETHRIIMNNE SR
(A3 ER, EHEMELRABRNEEREREK,
Wi A 32pg & ¥ GST-Rs-AFP, i 148 7L /& [ i K
RBOkHE DELHRE DERBRE MR
EREDERBRENELEKZATARBRE
f9BR BT T B B, E B B 45 89 GST-Rs-
AFP M ETHI B F R RE A A W H A, KWK
F pGEX-4T-1 H5= B GST X L A RIEVM KRR E
BB 00 4 P, R B Rs-AFP, AT LA o K A8
UHRE NESHRE NERBHRE EEE
FEDNERERENELZERK, BNEBER
K/AMTHEH# GST-Rs-AFP,MEME (R 1) /A,
Rs-AFP, % 7K 75 U4 75 0 #0646 A B3R, i A E &
HRARZ N ERBREMREEERA G
FECRMBER N EREREMHIEARS.

Fig. 3 Inhibitory activity of Rs-AFP,
towards different pathogenic fungi
1 K 58 S5 9% B ( Rhizoctonia solani) ;2 : /N % BUHi 75 B (R. cerealis) ;
3. /N3 # % 9% W ( Bipolaris sorokiniana) ;4 : 3 4E 3% 5% o ( Verticilliulll
dahliae) ;5 : /)N 7 % %3 ¥ ( Fusarium graminearum)
A: % % buffer ( Refolding buffer) ; B: 8 # #) GST-Rs-AFP, & 5 ( Re-
folded GST-Rs-AFP,)

¥ENA GST-Rs-AFP, ) PDA i34 M/ E
BURGHR B B %, 48h R A K T AR N HE W
PDA EHR b,/ MESHREBEZTLUERH K, R
B Rs-AFP, B/ D E LR EREMH R i —
TEBY Rs-AFP, %} /N SO B B AT M HIFE A

BHEREREH, SEFAERMNPEZSHFRE
B2 M (B 4-A) ,Rs-AFP, (B 4-B) 51 T /M FE L
WREE 2L R XHER L E TR ERA
il , DA {18 B 2 A K 2 B,

#£1 Hit GST-Rs-AFP, 3 6 MENHHEABNNHER
Table 1 Inhibition effect of refolded GST-Rs-AFP, on six
pathogenic fungi

HE#HE MERE(%)
Fungus species Inhibition rate
*mﬁﬁﬁﬁ ; 76.00
Rhizoctonia solani

d\-igmﬁﬁ 52.94
Rhizoctonia cerealis

INERBRE

Bipolaris sorokiniana 52.63
BEEERE

Verticilliufll dahliae 50.00
INE R .06

Fusarium graminearum

M4 AERUENRIEED Rs-AFP,
MNEGRFRERLEKNAH

" Fig.4 Microscopic observation on the control and

treated fungal mycelia of R. cerealis
AV AL B/ R SRR 4 ;B M & A GST-Rs-AFP, £t B
B /N B ORGP T
A: Mycelium of R. cer

lis treated by refolding buffer, B : Deformed myceli-
um of R. cerealis treated by GST-Rs-AFP, refolded ( Olympus microscope
2H-1 200 x )

3 itig

1992 4F Terras Z'") & B, Rs-AFP, 7E {K 51 BE 4 451
AEHNE MOELER FXERERE BRERA
BEZERK, HEX R cerealis RBER MHIEABAT
KIRE, ABFEL Rs-AFP, 1 JF A F & Fk b
WHLR,IEL R-AFP, AT UBIHFEHLES
LR TR FE B R. cerealis B 22 £, IR
BERBREAY R, WA KBYRHRE NERE
WHE MEEERE DEABRESRREEYE
AEBERMHIEM. #—F5 i Rs-AFP, R
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B B, I i, Rs-AFP, TT4E R L R E
RUENTEFHNEEREREA,

AEMRERN, ERBBENRERERGE S, F
SEABAMERLFYEELHRBBE Y, &
B & B, GST-Rs-AFP, BAH A ER MR M RH R
BEEPUUGRAEERFE. dTUGBEER
FETER R A B & 1, Bk, A SCHEAT T R 1A 7
BREHERACMML, RAGR BRAOBEE BR
RS S AL 2, BT 1k o GST-Rs-
AFP 38| EH MEBRS T HHEONWAEMIKE,
A LUR TR MM B L8, X F H A2 H 1 R
BRAFYNERT N RAREEESEME,

B Tk
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