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A4 RIE & Sinorhizobium sp.1128 BKiES & A
fifg £ [ /Y 52 B e 3 A IR T BE Y 82
Wi, wEk, AAW, #EE, RE

(B R M R A i Bk e, AN A PRI Y TR AT CSE S %, FiAt 210095)

HE. [ ] NPAERBF Snorhizobium sp. 1128 55k B K ESY & MEEE R, MIMIFFT xR R
£ Sinorhizobium sp. 1128 BRI R 48 H 9 VE R . U535 1 I A 2K DR 91 ) beoxt D R 20 S i
Jiik, MARAERIRI B Sinorhizobium sp. 1128 5[ RS 90 A LR 5 R K AT 1 SRR Rk
Cig UM 2 2 M (TLC) WY ik W98 1% 56 R i etk 5 3l e o a) o B A 09 i R S TR, 9 3 4
Jo S I WF 5% % A XF Sinorhizobium sp. 1128 A= FRINAE RIS o L4558 1 DLE K B8 b A8 MR JR 1
Sinorhizobium medicae WSM419 [ {415 54 & iU K| Smed_1560 )41l i it5147 , il PCR 434 7E
Sinorhizobium sp. 1128 1 FLE]—# i HIKIFE S YA MEN , w88 tral2, ZERAE KRBT H
Escherichia coli DH50.H 3% J5 g 77 £ WAl [ 1K1 591 42 . #£ Sinorhizobium sp.1128 Hf i 5 [A] 6k
K, BWRBERYEE TR, MEREE, BRESUIEHERKE, 458005 RI% AR
M AR IR T A 45 R 00 L (4538 ) vh AR T Sinorhizobium sp. 1128 BEA RN R 48 Je— N 28 0 &

Gt, EXERE R E IR RA —E BRI

F* %237 Sinorhizobium sp. 1128; FEMAEN ; H KA S W& i

PESES: Q78 XEkFRiREg: A

P20 L A R A T RO N R R S
FHF 40 B 10 8 TR, X — B Bl AR R B A R
(Quorum sensing) ™2, HFTE &4 SRR
WHES 0 TR, XY R 73 =2 —2K
Je IR IR, 3= S T T2 22 QPR A T, o5 —28
SENRWIZERIATAEY), FEAEM TR 2R, KE
B(AAEATR)#8)E T N-BEL R 2 2R ER(AHL)P . 55 =
KAIF S0 F = WUk KK L& 9 (OKP), C 1
Pseudomonas aeruginosa, P. fluorescens, P. alcaligenes,
Enterobacter agglomerans #il Citrobacter freundii H' /&

B, FEM =055 Frh AHLs MZREER N,
T ELTEAN [F] A9 240 T v 9428 9 A B IR o 25 A AR T
LR AHLs (14942 )22 R PRI o i S 20 FIAT R

EEME: HEKHRB¥EL W L H (30770074, 30570011)

X E4%S . 0001-6209 (2008) 10-1314-05

RIRE TR A7 B RE AR ER D R SR R 2 2R L B 2%
. sCH . B R B SRR ( Rhizobium legu-
minosarum bv.viciae ) B A8 2R 48 WS 5 R Al
B 4B 248 (rai,rhicin fl tra), 724 6
it AHLS 43 F (A — NIk Co-HSL ) B, B s
JRi T CNPAFS12 AR AY rai il cin J& B 5@ o 78 YL o 4
b, 374 7 B AHLSs, X286 AHLS S0 7 AL
A KO R RS AR ( Sinorhizobium meliloti )
Rm1021 B4 )r o5 e, KT 5 luxR/Iuxl
PR A A — L, a4 sinR/sinl 24817, dF—
MR A, ZRGEHTT—LHN AHLs AR,
C12-HSL, 3-0x0-Cyg:1-HSL , C18-HSL %,

T 9 4 BV JE 47 1 v 48 MU 1 Sinorhizobium
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sp.1128 [ KI5 T & B L R Y i R KB T —
AN AERTESY G MBI tral, 5 AR AR
# Sinorhizobium medicaeWSM419 i) Lux| 25 A {ki7
S W4 1 (autoinducer synthase ) Tral 4[] M = 1k
99%, A4 LK I Kk BB R bR BE T AE TR 05 S A
T o T A FE PR 4 [ XA BT & B, S, medicae
WSM419 Hitfy 3 4> AIKIE Y& gL,
FeATHEN A2 MR T Sinor hizobium sp.1128 ik Al fig
LT AKRESY G BN, AR S
medicae WSM419 1) — 4~ H K5 3 4 & A i 2k (5

Smed_1560 J¥ 4 AR BEIT5 19, @it PCR 444k
87t AR 5 Sinorhizobium sp.1128 (14 55— A 1415
S A RN tral2, 38 X% N B B T
7E AR HRET T Sinor hizobium sp. 1128 Fif Ak v 18 5 1+
PP REMER, it — TP EREE
Sinorhizobium sp.1128 (14 f A JE& B 8 45 B9 S

1 AR &

11 ##
111 FARABCRL: 22 1 AR B F T Rk D Bk

R 1 ABRZE BT AR TR

Table 1

Bacterial strains and plasmids used in this study

Strains or plasmids

Characteristics Reference or source

Bacteria strains
Sinorhizobium sp.1128
Sinorhizobium sp. YWO
Sinorhizobium sp. YW1
Sinorhizobium sp.QY 1
Sinorhizobium sp.QY 2
Sinorhizobium sp.QY 3
Agrobacterium tumefaciens
KY C55(pJZ372)(pJZ384)(pJz410)
A.tumefaciens R10(pCF218)
Escherichia coli DH5a

Wild type

Derivative of 1128,Spontaneous Sm®
Al mutant of YWO with atransponon inserted in tral

A.tumefaciens R10;Ti", autoindcer bioassay strain
Produces autoinducer 3-O-Cg-HSL, as a positive control

Standard cloning host, host of pYC12

This laboratory
This laboratory
This laboratory

Derivative of YWO carrying atral2-lacZ, Atral2 This study
Derivative of YW1 carrying atral2-lacZ, Atral,Atral2 This study
Derivative of QY1 carrying pQY1 This study

This laboratory
This laboratory

This laboratory

Plasmids
pYw1 pY C12 derivative carrying intact tral gene, Gm*® This laboratory
pQY1 pY C12 derivative carrying intact tral2 gene, GmR This study
pQY3 pVIK 112 derivative carrying internal tral2 fragment, KmR® This study

1.1.2 R BRI IR0 - MJ T SO DG S AE kR
TY ¥EFRdk, 76 28CTHiF% . MU 1A KYC55
M R10 20 57E AT, LB 95k 28°CH; 9%, E.coli
WV LB 1533k, 78 37TC R F . FrAfiERL
W KYCB5 T IR (Te) 2 png/mb; WL
2 (Sp)~ 100 mg/mL; K K% R (Gm)Jy 100 pg/mL .
R10 it HIPU#F 2 (Tc)h 2 pg/mL.
113 FEGX AR . 25 Fh R DR A
Fermentas /% ] ; ONPG ( o-Nitrophenyln-B-D- Galac-
topyranoside, ABAHEEZE- B -D-2FFLMbmRAY ) , IPTG
(isopropyl-B-Dthiogalactoside, S P3E-B-Hif U2 FUBHET),
X-Gal 1T Sigma/Anl; Cog SUAHHEZZHTHRIE T Merck
J3H]; Taqg DNA AW T,DNA 4538 . PCR F 44l
At G i IR &340 3 Promega A Hl; 511G
B DNA e i A TAEY) TR AR IR S A TR A
w588
12 BRESYENBEENxE

4 Sinorhizobium medicae WSM419 11415 543

T LR (1 L R P 9 DL R AR pY CL2 FZ 5
B s ARFAE, A TSI BifsI: 5'-
GCGCCATATGATCAGGATAGTAAAC-3' 5|4 :
5'-GCGAAGCTTAAGCGGCACGCGCCGTTTCG-3';
519 F 43 5ltA Nde 1A Hind G967 5 ( F 4l 2k
#4% ) - LA Sinrhizobium sp.Y WO 193 K 20 i DNA H
Bt 38 H AL . PCR W 41F: 94°C 5 min;
94°C 30s, 55°C 1min, 72°C 1.5min, {fH¥ 30¥K;
72°C 10 min, PCR “#4lifb)5i% A pMD19-T #{k,
T
13 BIRESYE REEERERIERAMEE

¥eiE A pMD19-T, BIB9Sk 53k & pYC12
Sr52e Ndel il HindIDWEG U5, 2 fakaaill, 4l
felElfe H iy o B, Wii%, Hi%%1k E.coli DH50; 5
WIS UE AR B PR AL F . P E A PR
THHEIT i AHL 36 P B e AE R TLC 287,
14 hiE fEERLE BRI RIAE

T CARTS 1 3 1755 46 U LR 1 ] 326 B ik
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I —Bt 500 bp AR Be, DA pVIK112 B2
o RS AR IE B —XF 519, PCR™HY, 7 4i% A
pPMD-19T #fA, i it V) 30Uk IS 2 I B4 1
RIGIESEAE pVIK112 352N, 2 HL kA
m, feaife e H e R B, BEE, B A Ecoli
(BW20676); -Fid it il D) 6 ik LA Ao 2 B P S 4 1.
15 BHRESYFEHENS C,y RIEHEREH(TLC)

Hie B SCRR[8] AT HRAE
16 BINESYEBERREKIEE

R R B W vk BEACER i A Al B i o
] 1 Be il R E. coli BW20676, 2 1A 434 A
Sinorhizobium sp. YWO0, Sinorhizobium sp. YW1, 7%
WS, 4 PCR WIEEH, BN AKESYE
BIE R B R, B SR BV T E = AHL 36 1E R
BRI PER TLC 4347 .
17 BERESYERERREKEERTHRIIEE

KA 1T B A 1 BRI S8 K
il [R] 5 3K oKL HL B R ) I A e 2R Bk
e, EIEAL T, REBURRIE RS, R RY) b
THUEAT B AHL TG PR
18 LHERK

FORBA T RMERE . MRS, EERE
ODgoo=2.0 = 47 M TR Hi= 6L 15 min, B ARAT Kt
TR A A AR, A O AR, P40 0 H A 100 uL
PR, (Rl e TY B g 3L B IR B K et
WA RS FR . P 30 d Ji WM vk B AR 2R 9F
FRAK /NG e T4, THECRE AR AR AR A 4 B H &

2 H#X

2.1 Sinorhizobium sp.1128 BiXxi% S4H& K E R tral2
MR FTIE

DAY 4= 7 Sinorhizobium sp.1128 & DNA AR ,
Ml PCRY M HAEN, 1552y 650 bp K/MF
B, 4 tral2, Bz Bod S pMD19-T #ilk
2874 e 5 A WP He X A B 5 Sinorhizobium
medicae WSM419 ) Smed 1560 % K ) [a] P 11 Ky
99%, @ILMRITHIIRIEMEE 100%., FH ] 18
FEEFRB AR pYCL2, 1HHRIEFRIE tral2 B 1Y
ki pQY 1, Jf#% A Escherichia coli DH5a H1, 75 %
KT i F 4 F IR H B E. coli DH5o(pQY 1), AR
bk JZALERX HLRE S5 AT AHL SRR . K
Mz (# 1-A) /R Escherichia coli DH5a(pQY 1)
i3 B B AR R E . TLC Kl g

( B 1-B )FEMLE R #  tral 2 11 554 s AP AHL
¥

(A) 900 B 1 2
800 T
700
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400
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200
100

U L J
pYCI12 poYI1 @
E.coli recombinant strains '

Al activities/Miller Units

1 XBHEEABKRFESMWEMLA)R TLC 547 (B)
Fig. 1 Assay for AHL activity (A) and AHL content (B) of the
cell-free supernatants of E. coli recombinant strain. 1. E.coli
(pQY1), 2: R10.

2.2 Sinorhizobium sp.1128 B{KiES44 m g E F ik
SRR R AHLS F& 14

R E] e Be A 07 KA tral2 B DRk Bk
Sinorhizobium sp.QY1, LK tral, tral2 J& [ AUk
ik Sinorhizobium sp.QY 2. | FAS 521 45 4y 14 T A
i 22 R R (AHL) B RURE R JZAL Xt A K55S
WG B R B 2K TR AR 355 R R IS SR T AHL 36 P A,
FERGAER (E 2-A) RUTEFF AR PEE tral2
BEWE, BRERYIEE TR 2 60%A 47, TLC Al
iR (B 2-B) WMikH K ABEAER,; 1 tral
RAL KR Sinorhizobium sp.YW1 FRkZe tral2 J5, HIK

(A) 2500 B 1 2 3 4 5
2000 F 1
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L

.
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0 . .ﬂ.lj.

YWO QYl YWI QY2
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: e

2 AERTHRBREFSYELER TLC 240

Fig. 2 Assay for AHL activity (A) and AHL content (B) of the
cell-free supernatants of different mutant strains. 1: YWO, 2:
R10, 3: QY1, 4: QY2, 5: YW1
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UG T K245, TLC #6077 Sinorhizobium

SP.Y WL H AR 1 s SR AT 2 o BRLBLFRAT T4 tral 2 32

B TS R E R R E) AHL,  HIA R IR .
N T ST tral2 SRR IEE, DAFEAAR

( Melilotus suaveolens Ledeb ) i = M4t 5256
e & S AE MR 30 d, THECHEBRIR TR I 25 R 5 H o 3¢
IGER (K 2) £ tral2 JEH B 5 255 R IEL,
AR 524322, T tral %4598 A 0 .

®2 FEIRER
Table2 nodulation result of inoculating different Sinorhizobium sp. mutants into Melilotus suaveolens Ledeb

Average No. of nodulesplant (% of plants nodulated)

Inoculated Relevant phenotypes
Sinorhizobium sp. YWO Wild type
Sinorhizobium sp. QY1 Atral2
Sinorhizobium sp. YW1 Atral
Sinorhizobium sp. QY2 Atral2, Atral
CK

8.3(100%)
3.4(100%*)
9.2(100%)
7.9(100%)
0(0%)

23 BINFSYENEER a2 RTREGELOE
Wt AR tral2 BRI TR pQY LR A
tral2 FK RS #k Sinorhizobium sp.QY1, FiFHEET
Sinorhizobium sp.QY3, FiF@ LR (K 3) FIHL
AR BRSPS A BRI 2 AR pk
HIRESYIE AR S AHL 2 FROMED IE 2 H T
S INEC N RRCTE (S ey SR R
1200
1000

800

600

400

Al activities/Miller Inits

200

]

YWO QY3 QY1
Strains

3 TREEKBKESYIE RN
Fig. 3 Assay for AHL activity of the cell-free supernatants of
different bacterial strains.

3 itk

TF 7 25 103 3o 5 R 147 A 28 78 1) Ty 1k O 1k 3 o
AR Sinorhizobium sp.1128 1 —A4~ A KiE &
AL tral, H 5 B ARHR fh AR HLSE T ( Sinorhizobium
medicae ) WSM419 ) Luxl 2& [ K% T 44 il i
(autoinducer synthase ) Tral {14 [ ¥ 1 25 5 999% 9, {H
i3 % Smedicae WSM419 JE K 4175 40 #r & B, H:
FERA A WA ARIE S YA R & A
U5 19 77 %1 (Smed_1560,Smed_6489), A< BF 5% L 3 7

FARTE S0 G B0 5 7 91 S B 1514, it
PCR 44 , 7£ Sinorhizobium sp.1128 34k | T —4
K/ 645 bp (1 A KT 6 R R tral2, £1
X5 S medicae WSM419 K Smed 1560 5L A (14 [
VEPEAT 99%, Z LT 5 [ 100%. B ixS5E K 7E
KIHF T E.coli DH50 HlA e # ik 5, £ TLC Al &
WEERBFESDERMWAARESY ST £
Sinorhizobium sp.1128 H 4 tral2 Bk 5, B4 dk iy B
KBS YIEME TR, TLC R o B K i s A8 vk, T
mI5E 248 5, FARIE Y RIEER R . X i B il
1o 35 R [ EEOGE 32 R B 1 5 PR e s 2o A AR
SYA IR EE, FRHBUE ral2 EE AT
A B 2 R R R R AHL, HA R
AN T HATA A AHL R, 5 tral ML,
tral2 SR 5 ARG SYE M T FRIE AR,
AT S0 0 2 T A AR T 1) 0 AR X JEL O 4 o Ok o
IR AT Hh BE AR, R G Pl nVE R R R 2
(7. X fE MR CNPAFS12 fffF5E KB, cin &4
SRR IE R & B B YIAHDC  cinl Fl cinR (928748 F 5
AR T 0 TR, IF B AR IEE R RS
MEREE, M ral £45% cinl B4 AHLS Y 1F 4%
rail ZEAR R T LA K A gl e B o T ARUR TR Y
Ji— Ak CEN42 ) pd2a JTORi i tra A H 2 3tk
AT, ATREIRIE I pd2a HESHERS, BR T tral 722k
) 3-ox0-C8-HSL #MZiAfE ™4 30H-C8-HSL, {HIL
WD RE A R I PR AN 48 o AHIFSE 1 SE B 45
WE B Fh AR M98 T Sinor hi zobium sp.1128 1 3 /b 47 4>
FUARTE 90 A B [, 3 2o 49593 5200 UE BH J 2 L [
XHEE R AR AN, P tral2 X AR IR,
RRRESE AT 1% /8 . @ ad %) Smedicae WSM419
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Recombinant expression of an autoinducer synthase of
Sinorhizobium sp.1128 in Escherichia coli

Yuan Qu, Menghua Yang, Huiming Zheng, Zengtao Zhong', Jun Zhu

(Key Lab of Microbiological Engineering Agricultural Environment, Ministry of Agriculture, College of Life Science,
Nanjing Agricultural University, Nanjing 210095, China)

Abstract: [Objective] To explore the roles of quorum sensing system in establishing symbiosis between bacterium Si-
norhizobium sp.1128 and its plant host Melilotus suaveolens Ledeb. [Methods] According to homologous analysis, we
designed primers to amplify the autoinducer synthase encoding genes in Sinorhizobium sp.1128 according to Sinorhizo-
bium medicae WSM419 genome sequences. The autoinducer synthase encoding genes were cloned into the expression
vector of pYC12 and expressed in E. coli DH5a. Thin-layer chromatography ( TLC) assay was used to study their rolesin
autoinducer production. A duplicated inactivation of the gene was used to explore its function in plant nodulation. [Re-
sults]Homologous analysis showed that at least three annotated acylated homoserine lactone (AHL) synthase genes ex-
isted in Sinorhizobium medicae WSM419 genome. We cloned these three autoinducer synthase genes in Sinorhizobium
sp.1128. One of these genes named tral2 was over expressed in E. coli DH5a. At |east two different AHLs were produced
by the recombinant strain. Disruption of tral2 reduced both the autoinducers (Al) activities and AHL production by TLC
detection. Furthermore, the complementation of tral2 reverted the phenotype of Al activities. These findings demonstrate
that tral2 was responsible for Al synthesis in Sinorhizobium sp.1128. More important, the tral2 deficient strains were
defective in nodule formation on their host plant. [Conclusion] The quorum sensing circuits in Sinorhizobium sp.1128
may play an important role in symbiosis between plant and bacterium.

Keywords: Sinorhizobium sp. 1128; quorum sensing; autioinducer synthetase
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