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[ ZE] [EMY M aiA FEF M ERIR A, IFH#ATIHESRIE W aliA B A B0 v, v — 20 E i 5%
HHEFEARBEE e ailA ILF MR S, [ 5] N pMD™ 19-T Vector+ailA kL Y13k 15 aiiA S H 5
PGEX-4T-1 & ik #0414 2 0 12 T 41 )5 A% 32 K 2/ Ak pGEX-4T-1+aiiA, & W EG V) K N P % 2 5 EAT 1 S 25k, I v %
KRR HEAT S . L85 ) WU 5 PCR R I 25 5 & B, 3 21 IR A% 32 ik 200k pGEXAT-1+ailA @ ), %
IR FA RS R R FE 256 CFJ 0. 2 mmol/L IPTG #5% 9 h.aiiA R MR B R E . ailA 5HE QK4
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Construction and expression of prokaryotic vector for aiiA gene

OUYANG Le-jun, LIANG Zuo-ling, HUANG Zhen-chi,SHA Yue-e,ZENG Fu-hua

(Life Science and Technology School  Zhanjiang Normal University , Zhanjiang .Guangdong 524048 ,China)

Abstract: [Objective)] Construction expression of prokaryotic vector for aiiA gene,then the recombi-
nant plasmid was induced to express disease resistance identification. This work laid the foundations for fu-
ture transgenic research on aiiA gene by the plant transgenic technology. [Method) The study cloned the
aiiA gene from pMD™19-T Vector+aiiA by PCR,inserted into pGEX-4T-1 and constructed prokaryotic
expression vector pGEX-4T-1-+aiiA. The recombinant plasmid was identified by restriction endonucleases
analysis and protein expression was induced and the induce product was identified. [Result] Enzyme diges-
tion and PCR showed that the recombinant plasmid pGEX-4T-1+ aiiA was constructed successfully. The
maximum expression was obtained when induced by 0. 2 mmol/L IPTG at 25 ‘C for 9 hours. Antibacterial
test of recombinant protein showed that recombinant plasmid pGEX-4T-1+ aiiA could degrade AHLs by
suppressing quorum sensing and attenuating pathogenicity of bacteria. Plant inoculation experiment showed
that resistance to disease of transgenic Eucalyptus urophylla X E. grandis with aiiA was significantly en-
hanced by delaying the wilt symptom and decreasing disease index. [Conclusion) The recombinant plasmid
pGEX-4T-1+aiiA was constructed correctly.
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12 %

T 52 2 W 240 T [ 38 2 A ARV (Quorum sens-
ing. QS) R 4t L AT B AW W B MAT AN .
ZEUE N QS R4 A N-BE 5L & 22 2 1R N iR
(AHLs) J {5 5 43 1 48 st A AT 3K B DA ) B8k 2E
Wb I RE g B I A AH L i 09 3 B8], o o 5 5 Y
AR F Al B e AHLs (1955 32 N AE Y . B 58
T TR AT 25 43+ DA 24 AR 490 9 i T ) R AR J% 07 R
gt . WEIR R FR 5 IE AT A R0 T A R B0
J1 $& A R U BE 35 o e D R R A 2R KB T
Caii A B ) RGBT Y1 N-E & 22 2R N 1A Tl
(AHL-Lactonase) , & —f EL G B AHLs 4 T fig
J1 ) 5 PR K R B . AHL-Lactonase il i /K fif
AHLs 737 (0 N TR B AT B AR B0 w6 fF 5 5 20 1
(0 7% o AT e R b, 9 555 8006 B 4 s e H Y
o 4 A R PR ) DA R R R L K A IR IR A A
PrrbRIKJE SRR ) DT — 20 %5 58 H )
AE 2 H i A& A 20 B8 WF 58 % TR J7 % (H U 3R 0k 4%
PR AR WAL . DASR & 33k ik, BRBH SR 42 %60 76 i
I 5T AR, 802 b DA 0 28 J AT T b Bs-6 1
MR SCRER B aiiA BN P8 5 2 HOE aidA 1
[l sk 87 %60 ~96 040, I3l 2o JE B TRy v dg gt 1
TR AR pMD™19-T Vector+aiiA, 7RI EAL I,
AT R pMD™19-T Vector+aiiA B aii A F R R
filg D) M IS - 5 28 R AR XU DT pGEX-4T-1 M i% .
U R R A HEAT I S R GK IR T Rk
7 A T RE T LA R R T T B0 0 1 52 e DL
RIS TR T B & % aid A SERAE R DARE K
LY B 1 QS & G 35 AR ¥ B Ak ) B9 5 B
fiili o

1R

L1 # #

pMD™ 19-T Vector + aiiA. Jf ¥% 3 ik J&i BL
pGEX-4T-1 } ¥ #i W (R. solanacearum) . £& ffi 7
(C. quinqueseplatun)%ﬂﬂ[ﬁéﬁi&*?%ﬂﬂ HEYLIHE
SRR T AR O S8 AR AE E. coli BL21 A 5
A=) TR (RGE) A7 FRZA B s DNA Ladder Marker R
FlE NI B BamH 1 A1 Xho 1 . T4-DNA ligase g
F R 5242 ) TREAT BR 2 w5 HC Ay 350 22 O [ 7
Pralialsn . B N A SR GR T
1.2 77 &
1.2.1 aiiA RR& KR RMAETAY TRECE
) A7 R 2 W) JBRE 2l Ak 12 R) & $2 M st Ak pMD™ 19-T
Vector+aiiA ki, FH BamH T Fl Xho T X 4lifk i

pMD™19-T Vector-+aiiA k47 XU . B 14 £ 40
T :10X K Buffer 8.0 pL,BamH [ (10 U/pul)3.0
pL. Xho T (10 U/pl) 3. 0 pL, pMD™ 19-T
Vector+aiiA 6.0 pL,#MFE K H LB FKE 30 pul,
FH 10 g/ L 35 s W 56 e v T ARG I i 270 7= 49 O 2 T
A=) AR CEIRE ) 2 ) Bt B A O e I iz i A 3K 7 6 [
W aii A L B R B, ELAR T 4 B R & B AR Ul
W45 kAT .
1.2.2 pGEX-AT-1+aiiA & 4 & ik # 4k 69 ¥ & &
¥edh CRAA TAY TR R A R b Fok: 2k
R & $2 sl ik pGEX-4T-1 ik, Hf BamH 1 #l
Xho | X4ty pGEX-4T-1 Johs k47 XUV )=, 7
FH 10 g/ L 1) Byt B e g v Dk A DN il 410 7= 0 » O HH 2B
A AR ) 28 v B i 8 I 1T Wie 4l Ak 125 &
MUY R R B 4% 5 B9 TR CRE) A R A
T4-DNA ligase # E B, % 1. 2. 1 th & i
BamH 1 Fl Xho | SUEGYIHY aii A N & £ 2] 23
] A XU Bl U1 A B A% 3R 36 2K pGEXA4T-1 1Y
BamH 1 5 Xho 1 B Y)A s5 8], 44 #E J5 A% 2% 3k 24K
pGEX-4T-1+aiiA, #HEAK R W T : T4-DNA ligase
Buffer 4.0 pL,pGEX-4T-1 2.0 pL,4lifk Y ) ai-
iA Bt 6.0 L, T4-DNA ligase (3 U/pL) 1.0 uL,
WKW EETKE 20 pL, RAFHE 16 CilEE
12 h Pk W5 pl ™Y B L AL E. coli
BL21 25408, R 7k S 1B E. coli BL21 J& 52
20 e A T 5 AT

K H QIAGEN 72 w) 1y 1 ki 26 £k i ) & 42 B
pGEX-4T-14 aii A B kL, I BR i 14 N V) B BamH T
M Xho 1 #E47 B UI 40 0E  BAREE PR R 4R .10 X
K Buffer 8. 0 pL, BamH [ (10 U/ul) 3. 0 pl,
Xhol (10 U/pL) 3.0 pL, pGEX-4T-1-aiiA 6. 0
pL o ANFE KB 28 7K 2 30 pl, ¥ LREF VA R
KA MBS IR .37 CREY 4 h UL F, )
iU 10 g/ L Bl W i i Uk WL il D) 45

aitA FE P PCR K 51 %) 1 £ T AW A vl &
i, Primerl :5'-ATCATGACAGTAAAGAAGCTT
TATTTCG-3"; Primer2:5'-GTCCTCAACAAGA
TACTCCTAATGATGT-3", PCR J i 1k & W
10X PCR 2 #h3 2.5 pL,dNTPs (10 mmol/L) 0.5
pLo BB (1 ng/pl) 1. 0 ul. E 3751 % (10
pmol/mL) 1.0 pL, FiF51 ¥ (10 pmol/mL) 1. 0
pL.Premix Taq fi (2 U/pl) 0.5 pl, b 58 K H 2=
B K%E 25 pL, PCR I 4N :94 CHiAEME 2
min;94 “C 48Pk 30 5,60 ‘CiB k 45 5,72 CHEAff 2
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min, 30 MEIF ;72 ‘CHEAH 8 min, 4 ‘CLRAFE, WEFY) PEREARIENGEE., B15EFREE R &
F1 PCR i I 52 FH 4 19 80 3% 1128 T A 2 /1T DEWERFESE T WA M PBS W (& 150
1.2.3 B EAFFRELEMOHA H50 uL mmol/L NaCl, 16 mmol/L Na, HPO, .4 mmol/L
1.2.2 W r & pGEX-4T-1+aiiA Fki i BHYE  NaH,PO,,pH 7.3) v, JH M 55 B A% vk 5 B 1K 4
EAW.HEMT 5 mL LB IR #1715 T RSB min, 12 000 r/min B0 10 min, B35 R #E1T SDS-
Wi, MZm E. coli Al EEE M RBER PAGE &l
R, #%3£ 1T L (39) I3 56, ft A 52 g ] i

£1 LiGHEZREIZITR

Table 1 L, (3") orthogonal test
AN HEHR(Amp)/

I 4 5 WA/ C IPTG ¥ &/ (mmol « L= 1) (g » mL D) 5 1] /h
Test No. Temperature Concentration of IPTG Concentration of Amp Induction time
1 37 0.1 100 3
2 37 0.2 150 6
3 37 0.4 200 9
4 31 0.1 150 9
5 31 0.2 200 3
6 31 0.4 100 6
7 25 0.1 200 6
8 25 0.2 100 9
9 25 0.4 150 3
L2.4 alAZGNRRAKBAGYm K@ 2.2 A BERBRREHEHEE
W EGHF BB 1 107 CFU/mlL 38 W 555 Bt BT 46 pGEX-AT-1 +ailA i+ PCR

allA HHARBI FERBEBSEMEREEN SR E R, BWES TE adA BRKE -0 5640 (B 2-A),
FH R B2 FhoBk €0 B CSCERAT B L R Pl e A Bk B SC IR BamH T Ml Xho T WUEEYI 25 R A4K45 T 5 W01 K A0
FRER DA SRR B RO AT R+ R R R —3ny 2 &% (Bl 2-B) . [FEF, 54 5kl pGEX-
AR RN IR R R I B S BT 25 CHigE AT-1+aiiA P45 FAE L. 4l A AR H 35 5 7
PR 2 MDA ER BN OIS SIS R aiiA P — 8, LR gE R
SREER RO, AR IBEHAR pGEX-4T-1+aiiA @ W) .
#1.2.3 9 9 S E N ailA A5 HM W M | 2

WOR GG - DA AR B R b R M, 24 h J R
FRRIGRETE B0 o LRI aii A 8 11 00 75 R4 1 422 Fh 1

Iz S P i
1.3 % aiiA BEEKNRE RS 3k
R RFF A S0 aiiA SR AR M, % I
B3 7 S5 B B R AR A L R A 0.5Kb
BRIGHNE bR 175 15 B85 2 08 7 ik 1 O °§g
AT, '

2 G5

2.1 aiitA BEERFKEL
Hl BamH 1 #l Xho 1 %44k &y pMD™ 19-T

K1 MEFY pMD™19-T Vector+aiiA
BRI aiiA B
M. 5 000 bp DNA Ladder Marker;

Vector+aii A JEAT ARV - 10 /1 B B e e 1~2. BamH 11 Xho | S 01% 3t

FEL K e U Tl T 7 L A 3 5 TR R — 30 2 AR AR Fig.1 Double enzyme digestion of recombinant
W, — & NEWEN aiiA, B — % pMD™ 19-T pMD™19-T Vector+aiiA

Vector KA B (E 1), B aiiA FHF B H TR M. 5 000 bp DNA Ladder Marker;

*Z%%ﬂﬁa’ﬁg E’(J 1:@@ . 1—2. BamH | and Xho | enzyme digestion products



144 P AL AR AMRA 2224 (A SRR 2 MO 542 &

B 2 FHFEK pGEX-4T-1+ailA (% E
A. HA PR pGEX-4T-1+aiiA 89 PCR %54, M1. 5 000 bp DNA Ladder Marker, 0. Jg B %F i, 1~2. aiiA 3£ ) PCR 455
B. 4 Bk pGEX-4T-1+aiiA (4 EEY) 45 %, M2, 10 kb DNA Ladder Marker, 1. B 41 Fiki i BamH 1 Fl Xho I UG F=4)
Fig. 2 Identification of recombinant pGEX-4T-1-+aiiA
A. PCR identification of the recombinant,M1.5 000 bp DNA Ladder Marker,0. Negative control,1—2, PCR products;
B. Enzyme digestion identification of the recombinant.M2. 10 kb DNA Ladder Marker, 1. Product digested by BamH [ and Xho |

2.3 pGEXAT-1+aiilA FRREFHHMML 2.4.2 MNERHARAAGH 0 REMLLEFHH
IEIR S Z R R W] R R AR s R T 24 h g A AR R B BOKGE B AR RS L 0

9 EZ R YR RFEAE 37 Cif HAfte 3 AR B B R 3R, B K AN BE D8R SR OKCRE IR 5 T 12 b T A S

P T T 5 B AE , BB R W H R (A KA . 31 ailA AR A WA R B MM B IE W . Rt #E 3k

Tl o i BUARRL B 25 28 W25 SR R 25 °C TR R AYRORAE IR (I8 5) . BB ailA A BEA 2%

WL A R R R AWM SR A KT AEOR 1 2 GO BRORAE 9 K A

H 4T B 54 ku (26 ku+27.5 kw Y (K 3),

200.0 ku
145.1ku

97.6 ku
66.4 ku

443 ku

B3 EA aiiA & E RS SRR R L
M. ZE 5 F B bR 1~ 9. iR B4 5 il % 1

Fig. 3 Optimization conditions for prokaryotic K 4 aitA 8 TR RS AT B B0 T i SR
induced expression of recombinant aiiA protein LARBMN DA ER 2. BEMBQBCCRTEN S8 E
M. Standard protein moleculars; 3. HE R Bk (A RRSC IR AT 1 +ail A T GFES) B SR % s
1—9. Test numbers, the same for table 1 4. SRR G RROC AT B +aliA B RIS LW & 8
2.4 aiA EAMFEENE Fig. 4 Effect of aiiA protein on pathogenicity of

E. carotovora sp. carotovora

2.4.1 MSHREBLKATEHR AN Yn  HE 4
FUL »adi A S 1 AT LAY ) BE €5 B SCEC AT 17 0 5 0 28 E. carotovora; 3. Potato with inoculation of E. carotovora and BL21
RO P, ail A 25 A RS Rk 60 B CSC G AT — containing pGEX-4T-1-+aiiA (induced) ;4. Potato with inoculation of
MG, DR ER R B, L aiA E. carotovora~BL21 containing pGEX-4T-14aiiA (not induced)
OB IO AT B S R IS R A Bz 2.5 B wiA BRRERERMERMER TN R
LRI ail A A D2 R I8R5, FRE R HE R AR A TR 3 d I, B 43 AF B 6 DA AR B

1. Potato without inoculation;2. Potato with inoculation of
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MR B BE S R A B AR A L B
it 5 B 2% B BOSCIR R BE (IR 6) 5 8280 6 d i, B 5%
LA M B I B Bk B 19. 3%, 12 d ik )
67.3%,16 d iR 97. 6 % (- 7)., ¥ aii A FEHE bR

R 3 d IR UL H (] 6) L5 6 R I AR W5,
FRIEFE N 0,88 16 d BRHR RS TR ECh 67. 1% (A
7)o AR 15 B R/ FE L B aii A RN E B
Faz 5 AR B DR o R R T SR A TR R B 1k I SR 4R v

&5 ailA &5 FO 75 A T EBUR 18952
AL HERR 5 A R E AR
B. B2 T A B A aii A B (A R R B R
Fig. 5 Effect of aiiA protein on

pathogenicity of R. solanacearum
A. E. urophylla X E. grandis of induction with
R. Salanacearum;B. E. urophylla X E. grandis of
induction with R. sulanacearum and aiiA protein

100 -

(o) [
(= S
T T

w15 R 5%
Disease index
'S
(=}
T

20

6 8 10 12 14 16
B E B R)/d

Day after induction

B 7 B add A DRURR B Fh AR BRI 0 19 48 B0 A8 1
— o LR R E AR AR - m - R R R AR bR
Fig. 7 Disease index variation of E. urophylla X
E. grandis plant with aiiA gene after induction
with C. quinquese ptatun
—&—. Eucalyptus urophylla X E. grandis plant with aiiA gene;
—m—. Eucalyptus urophylla X E. grandis plant without aiiA gene

3 TheS4E

Wit 5 T A RO 5 i T B0 0% AR BIF 5 9 A I TR
A AT AT A 55 AHLs J2& 0 I G i
N R G AR 5 4r 7 AHLs ¥k B2 B AR N R g
YO i R O i TR B AT L B A I D T BT 5
IR AT 52 AR W) S AAE ) v Ok S0 A 22 b 4 T

6 FG aii A KPR S TR O 1 1 52
NT. JEE 5L R R LM A R 5 T B e [R] J8 1E Ae A B
Fig. 6 Effects of aiiA gene on pathogenicity of
C. quinquese ptatun
NT. Eucalyptus urophylla X E. grandis
plant without aiiA gene; T. Eucalyptus urophylla X

E. grandis plant with aiiA gene

REA RN AR 5 0 7 ROl AR R AR ) 0 40 A QS R 4E
P RN« 3 3 B 3 R R B B 77 AR B AHLs B i il
F18) B 5 DRI AL 40 SO T A4 I T 180 TR AR RN 2 1 AEL A
PUm b . EHEIER WA TR D N Bs-6 B Bk
SERE T aiiA KL IE X KR AT 1 AR WA B A A
1E 2k BLAST 2 #r ity & B, Bs-6 [ aidiA JEH 5
GenBank H1 & R & W aiiA BN A Pk 87% ~
96 %0, H#E S 19 & B W 7 4 R IR PE R 89, 206 ~
98. 4% Ui M Bs-6 R I 5E e T aiiA FEBH, HIZ
H K1 1) AHL-Lactonase B & & AHLs 4+
P BT, BE A5 kS 2 7 K 5 22 IR ) BOW I QS R4
IVE .

JERZAY RIKR G P E. coli £k RGEHA
o AR R E T R aE R ST, R R
TSI A o AW S0 T 1Y 3Rk A& pGEX-4T-
LA AR S ARG (GST) B, G844 Hh I5
R IE N GST (T Bk 26 kw) W& HEH .
R AN IR B A R R DUTE Y 4l AT,
ABF I IE SR BT 4 DMK E W E. coli
hE AR AR A EN EERNER. Hhif SR E
X R P R 1Y 2 A R A B Ry 3 s IR B L 15
B[] % T 3 1 ) 3R T AT AR K B2 B
175 T I ) Y SE A, B8 AR Y Ak B0 5 Ol R
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12 %

9 Amp g4 It — % (2% % Ik 77, 39 38 pGEX-4T-1
BORL RS E P . AR i TP Rk B A
AR KRN FRE R R EENERMAR. X5
PAAE (9 41 18 45 502 — B .k 2R i TRIRA AR
R JRE o 2 P T A 5 B R AR R G P 2R A
AR B IES 0 T 3R A AR T 4 SR AR (AR i K P 11 A
((SEEE SR NTTIRT TR DR RLNOPI A A S = 90}
JERZ F R 0 2 A B AT T 0L AR T A A R AR
i 2 2k ke 0 AL IR R R B AT AR M S R b
P AR L O SR AN IR 9 PR RE BEE TR
aiiA & F AT LA B €00 IR ST FR AT 1 0 5 8% 5 Y
BOwE N aliA A B WRS BORE — B M
hES B R B R P W e U] aii A R X B
8 DR SC EG AT B 5 1S 10 J8 42 A A e 114 400 o 28R & e A
oE T IO 7. R . aiiA 2B A5 A IR A R R
FOAZ S Y aii A 25 1 REAT 280 10 75 A 1 19 20 ) Al
BRAGIE (19 A A=A 31 1 SE 2% . )T DR 5 70 1
PRPE AL LA S AR 470 e D] 7 5 2 08 SR L B M %
384 55 B S DR ) R ORI o S 45 5 20 T 0
I IR AR 00 )i BTk . APPSR B aidA
B[N R B M A o AR T i » DUE 2K T FE R B 2 R X
MEREARAT W] 4 o L IR B P AR PR KT . AR AT SE A R
MR ZE R TR F B 5 5% aidA JE DAY AT il
TR TCAB W D R AR SR £ 5 R AL QS R4
WEARHLEOW 1 S S A PR R —E S %
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ST o
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