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1
Table 1  Strains and plasmids
Strain or plasmid Characteristics Source
Strains
P. fluorescens
2P24 Ap"  wild type 4
2P24AS Ap" strain 2P24 deleted 650 bp EcoR I fragment in gacS gene This study
2P24AS-ME Ap" Tc" 2P24AS containing pME6032 This study
2P24-S Ap" Tc¢" 2P24AS containing pME-S This study

Gaeumannomyces graminis

Escherichia coli

The fungal pathogen causing wheat take-all

Lab collection

DH5« @80 lacZAMIS A lacZYA-argF U169 hsdR17 recAl endAl thi-1 Lab collection
S17-1  A-pir thi pro hsdR hsdM * recA RP4-2-Tc  Mu-Km Tn7 Apir Lab collection
Plasmids
pBluescript [ SK* Ap" ColEl origin Stratagene
pLAFRS Tc"  oriT cosmid 9
pS31-39 Te" a cosmid clone containing gacS This study
pBS-5S pBluescript containing a 5.4 kb Hind [[[- BamH | fragment from pS31-39 with gacS This study
pS-BH pBluescript containing a 3.2 kb Hind|ll - BamH | fragment of gacS This study
pS-BEH a pS-BH derivative with the 650 bp EcoR I fragment deleted from gacS This study
pBS-S pBluescript containing the 3.0 kb BamH | fragment of gacS This study
pSR47S Km"  oriT sacB 10
p47SAS pSR47S containing 2.53 kb Sal | - BamH I fragment from pS-BEH This study
pME6032 Te"  laclq-Ptac expression vector 11
pME-S pME6032 containing the 3.0 kb BamH | fragment from pBS-S This study
pRK600 Cm" ColEl RK2-Mob* RK2-Tra*  helper plasmid 12
Ap" Km" Cm' and Tc' indicate resistance to ampicillin  kanamycin ~ chloromycetin and tetracycline respectively.
1.3 gacS EeoR | pS-BEH
P . fluorescens 2P24 DNA Mbo 1 Sal I~ BamH 1 pS-BEH
BamH | Sea 1 pSR47S pA7SAS B
pLAFR5° E . coli DH5a p47SAS P. fluorescens 2P24
gacS
S-H 5'-TCGGCATCAACCGCATGGC-3’ 28C 36h 4
S-G 5'-GTGCCTTCGCGGGTGAACTT-3’
2P24 PCR 2p24 gacS 2P24AS
0.5pL 2.5 mmol/L. ANTP 5ul. 10pmol/L Prim- S184 5'-TCGGATCCTGCTTACTCGTC-
ers Spl. 10 x Tag buffer 5pL 35ul 3 53186 pS-BH PCR
S5U/pL. Tag DNA 0.5pL BamH | Bgl 11
PCR 224 pMEG032 pME-S
pBluescript ’ E. coli DH5a 2P24AS
PCR 94°C 5min 94°C 40s 65°C gacS
40s 72°C 1min 30 72°C 10min 1.5
1.4 gacS 2 4-DAPG HCN
2p24 gacS Gaeumannomyces grami-
S1 5'-CATAAGCTTGGCAGCACTC-3’ Hind [l nis 4
S3186 5'-ATGGATCCAGCTTAACCGC-3' 1.6
BamH I 2P24 28h 500,
PCR 1.3 PCR SmL. LB 28C 24h LB
pBluescript pS-BH  pS-BH 0Dy =0.5 1:1000 V/V
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100mL. LB 650 bp EcoR | gacS
28°C 140r/min 2h 2P24AS S1 S3186 2pP24
600nm 2 2P24AS 3.2 kb
1.7 2.5kb | 2 3
PDA 2P24AS  gacS
14d "
1:100 W/W 28C 45—
2 x 10° cfu/m, 2h M 338
3 4 5 1.2—
30d
14 02—
2 1 PCR
Fig.1 Electrophoresis of colony PCR products
2.1 gacS M. Molecular weight marker 1. The fragment amplified with primers S-H
SH  SC and S-G from 2P24 colony 2. The fragment amplified with primers SI
and S3186 from 2P24 colony 3. The fragment amplified with primers S1
540 bp 1 1 and S3186 from 2P24AS.
PCR 2pP24
2000 3 2.3 gacS
pS31-39  Hindlll  BamH | 224 2P2AAS-ME - 2P24-5
5.4kb pBS-58 gacs
2754 bp 917 2P24AS-ME 2 4-DAPG
101 kD  BLAST P 2 2P2445
chlororaphis 06 GacS (Q9R9HI 91% 2P24-
P. fluorescens CHAO  GacS (Q9F8D7 5
89 % P.  fluorescens Pf-5 ApdA  GacS 2
2123353A 88% 2 P. fluorescens 2P24
GacS
GacS Table 2 Phenotypic characterization of P. fluorescens 2P24
2P24 and it derivatives
gacS GenBank St Character Secondary-metabolites production 4 - - ahi‘lify
AY623898 2 4DAPG HCN  Proteinase '© G- gramini
P. fluorescens 2P24 gacS P24 Wildtype -+ * * *
GTG 8 Shine- 2P24AS-ME  gacS - - - - -
Dal gamo 2P24-S gacS* + + + +
) + Metabolite detected - No metabolite detected.
o’- 6 6 S 2.4 gacS
GacS  N- 2 LB P. fluorescens 2P24
2 2P24AS-ME
2P24  GacS Lag phase 2pP24 2h
2P24  GacS GacS  2P24-S 2P24
Receiver domain 1h gacS
C- Hpt Stationary phase 2pP24 2h
2.2 gacS 2P24-S 2pP24
p47SAS P . fluorescens 2P24 1h

oarS )
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- GacS
#ﬁ
GacS C-
—o— 2p24
—h— 2P247SME GacA
—e— 2I'24-8
14 18 24 30 3
th
GacS
2 P. fluorescens 2P24
Fig.2  Growth curve of P. fluorescens 2P24 and its derivates in LB broth g(J,CS
2.5
3 2P24AS-ME
GacS
69.1 75.0
2P24 gacS
2P24 gacS
GacS
75%
P.. GacS
2P24AS-ME
7.9% 2P24  2P24-S
sigma o’ oS GacS/GacA
17
gac$S poS
2p24
GS
3 P. fluorescens 2P24 P4
- \ ] P . fluorescens 2P24
Table 3 Control efficiency of P. fluorescens 2P24 and its derivates
on wheat take-all disease Quorum-sensmg
Treatments Disease index Control efficiency/ % pCO]
Disease control 75.0a — GacS GacS/GacA
2P24 17.1b 77.2
GacS/Ga-
2P24AS-ME 69.1a 7.9
2P24-S 17.5b 76.7 cA
Data followed by different letters in the same column mean significant differ- } P. ﬂuor escens 2P24 GacS
ence at 0.05 level. GacS Quo-
rum-sensing GacS/GacA

3

P . fluorescens 2P24 GacS/
GacA gacS
GacS
P. fluorescens 2P24

GacS/GacA
gacA
gacS GacS/GacA

2pP24 0
GacS :

Periplasmic loop

P. fluorescens 2P24
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Cloning and functional characterization of the gacS gene of the biocontrol

strain Pseuodomonas fluorescens 2P24

WEI Hai-lei ZHANG Li-qun”
Department of Plant Pathology ~ China Agricultural University — Beijing 100094  China

Abstract  Pseudomonas fluorescens 2P24  a biocontrol agent for soil-borne diseases has been isolated from the wheat
take-all decline soil and was characterized with efficient production of antifungal compounds. In this study the gacS
gene was cloned by PCR from the P. fluorescens 2P24 genomic library. Nucleotide sequencing indicated that the gacS
gene contains 2754 bp and is predicted to encode a peptide of 917 amino acids with molecular mass of 101 kD. The de-
duced amino acid sequence shares 91 % identity to that of the sensor kinase GacS of P. chlororaphis and 89% identity
to GacS of P. fluorescens CHAO. Further research revealed that the gacS-knock-out mutant was unable to produce anti-
fungal metabolites such as 2 4-DAPG HCN and proteinase. Moreover it lost the ability to inhibit the growth of Gaeu-
mannomyces graminis in Petri dish and to control the development of wheat take-all disease in greenhouse. The comple-
mented strain containing a plasmid-bearing gacS gene could restore all of the lost phenotypes. The results indicated that
GacS in an important regulatory factor and directly controls the synthesis of key biocontrol factors and the biocontrol effi-
cacy of P. fluorescens 2P24.
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