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Effect of the gidA gene on the Pcol/PcoR quorum-sensing system in
Pseudomonas fluorescens 2P24
ZHANG Wei ZHANG Bo WU Xiao-Gang ZHANG Li-Qun®

(Department of Plant Pathology, China Agricultural University, Beijing 100193, China)

Abstract: [Objective] The Pcol/PcoR quorum-sensing (QS) system in Pseudomonas fluorescens
2P24, important for biofilm formation and plant root colonization, was influenced by multiple
upstream regulatory elements. In this study, the effect of the gidA gene on QS system was studied by
genetic analysis. [Methods] The transcriptional reporter of pcol gene on plasmid p970km-pcolp was
used to monitor the pcol expression in the wild type strain 2P24 and its gidA gene mutant.
Agrobacterium tumefaciens NTL4 (pZLR4) was used as the reporter strain to detect QS signal
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molecule N-acyl-homoserine lactone (AHL) production. [Results] Mutation of the gidA gene in
strain 2P24 did not influence its swimming capacity, but significantly decreased pcol transcription
and AHL production. Furthermore, the biofilm formation and the colonization on the wheat
rhizosphere and tips in both the gnotobiotic and natural soil were remarkably reduced in the gidA
gene mutant compared with the wild type and the complementary strain. Although the gidA mutation
in strain 2P24 did not affect the bacterial growth in the rich medium (LB), it significantly affected the
utilization of multiple carbon sources in the minimal medium, including glucose, sucrose, fructose,
glycerol, galactose, arabinose, mannose, xylose and sorbitol. [Conclusion] These results suggest that
GidA function as a globle regulatory element influenced the Pcol/PcoR QS system, biofilm
formation, colonization ability and carbon source utilization in P. fluorescens 2P24.
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Table 1 Bacteria strains and plasmids used in this study

Reference or

Strain or plasmid Description
source

Strains

P. fluorescens

2P24 Wild type; Amp" [22]

PM112 gidA::Tn5 in strain 2P24; Amp', Km" Laboratory stock

PM701 gidA gene in-frame deletion in strain 2P24; Amp" This study
Escherichia coli DH50.  supE44 lacU169 (¢#80lacZ M15) hsdR17 recAl endAl gyrA96 thi-1 relAl [23]

Plasmids

pBSKm Suicide plasmid for Pseudomonas spp., used for homologous recombination; Km"  Laboratory stock
pBSKAgidA Plasmid pBSKm carrying an in-frame deleted gidA gene; Km" This study
pBBRIMCS-5 Broad-host-rang cloning vector; Gm" [24]
pBBR5-gidA pBBR1MCS-5 containing the gidA gene; Gm' This study
p970Km-pcolp pRG9Y70Km containing a pcol-lacZ transcriptional fusion; Km" [9]

Amp" Km' Gm'

Note: Amp', Km"and Gm": Ampicillin, kanamycin and gentamicin, respectively.

(Amp) 2P24
50 mg/L (Km) 50 mg/L (Gm) gidA PM701
10 mg/L 5- -4- -3-  -B-D- (X-Gal)  PM701 gidA-F1
40 mg/L gidA-R2 PCR gidA
1.2 DNA B{EFFFISH PM701 gidA-HBF/gidA-
DNA [25] HBR (5'-ATGAGCTCAGGTTGTAGGCCTTGTTC-
3" 5-ATGTCGACAGATAGGGTGCTCAGTAAG-
DNAMAN BLAST 3 Sac I Sal I )
(http://www.ncbi.nlm.nih.gov/BLAST) gidA
13 gidA EERHRKREERAHE pBBRIMCS-5 pBBRS-gidA
gidA PM701
P. fluorescens 2P24 1.4 5549 F AHL pyEEFNE S
gidA-F1/gidA-R1 (5'-ATGTCGACGAGTCCAGTT 2P24 SmL LB
GCTGAAGTTC-3’ 5'-ATGGATCCGAGAGTAT 28 °C 43 h 600 L
CGAGCTGGAAG-3' Sal I

12 000 r/min 1 min
BamH [ ) gidA-F2/gidA-R2 (5'-ATGG

ATCCTGCAAACCGATGTGGATAAG-3" 5'-ATG
AATTCATCCACAGGCTTACACC-3'

100 uL 5puL
A. tumefaciens NTL4 (pZLR4 ODgy0=0.8)

BamH I  EcoR I ) PCR gidA 3h p- p-
Sal I-BamH I [25]
BamH [ -EcoR 1 Sal I-EcoR I 1.5 HEWMIRSHah a0 E
pBSKm pBSKAgidA
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. . PM112 (gidA::Tn5)
agar) 28°C 24h Tns . gidA PM701 (AgidA)
1.6 /NEIREDEFERE I HIME pBBR5-gidA
28 °C
P24 Note: The single-headed arrows represent the location and
orientation of the genes in the strain 2P24 chromosome. The
(108 CFU/mL) 30 min location of the Tn5 insertion in strain PM112 (gidA::Tn5) is
indicated by black triangle. The constructions of deletion mutant
PM701 (AgidA) and complementation plasmid pBBR5-gidA are
25 °C 20 °C 7 14 21d described in methods. The solid bars with the diamond ends and
the arrow ends correspond to the deleted fragment and the
segment for complementation respectively. The main restriction
2 3 enzyme sites are shown.
10 (CFU)
lg/logyo [10] 97% 93% 91% 90%
gidA 2P24
2 HiR5a :
gidA (PM701)
2.1 P. fluorescens 2P24 H gidA EF Y%L E K iR
I (1 PCR
RRTIREHE
.. PM701 1 400 bp
mini-Tn5
2P24 2300b
P. fluorescens 2P24 ( PX( )
PM701
1 pcol
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N A ah e
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YP351465) P. syringae B728a ( YP238197) 2P24 gidA pcol
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Figure 2 Effect of the gidA gene on the pcol transcription
(A) and the production of AHL molecules (B, C)

p970Km-pcolp 2P24  gidA

LB B- )
. AHL A. tumefaciens
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Note: B-Galactosidase activities of the plasmid p970Km pcolp in
P. fluorescens 2P24 and its gidA gene mutant were measured at
various time points after inoculation into LB medium. Growth is
indicated by the dotted line. For quantification of AHL, the
B-galactosidase activity of traG-lacZ fusion in A. tumefaciens
NTL4 (pZLR4) was measured after incubation with AHL signals
from strain 2P24 and its derivatives. All experiments were
performed in triplicate, and the x+S are indicated.
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Note: The swimming assay of the wild type 2P24 and its
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samples were incubated for 24 h at 28 °C and stained with crystal
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Figure 4 Colonization of wheat rhizospheres and root tips by P. fluorescens 2P24 and its derivatives in sterile and natural soils
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Note: A: Root tip population in sterile soil; B: Rhizosphere population in sterile soil; C: Root tip population in natural soil; D:
Rhizosphere population in natural soil. All experiments were performed in triplicate, and the x+£s are indicated.
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Figure 5 Effect of the gidA gene on the bacterial growth (A) and carbon source utilization (B) in P. fluorescens 2P24
2P24 LB . PBMM . ODsoo

Note: The growth curves of P. fluorescens 2P24 and its derivatives were determined at 28 °C in LB medium. For quantification of carbon
source utilization, strain 2P24 and its gidA mutant were cultured in PBMM media containing different carbohydrates as sole carbon
source, respectively, and the growth was determined at 600 nm.
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