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Summary
A quorum-sensing (QS) locus PcoI/PcoR had been identified previously in the
biological control bacterium Pseudomonas fluorescens 2P24. In this paper, we
investigated the upstream regulators that influence the transcription of the N-acyl
homoserine lactone (AHL) biosynthase gene pcoI using a chromosomal pcoIHlacZ
fusion reporter strain. Stationary sigma factor RpoS was identified as a negative
regulator of QS system using a random mini-Tn5 mutant procedure. Furthermore,
deletion mutagenesis and complementation experiments demonstrated that the
two-component system GacS/GacA positively regulated the QS system by upregulat-
ing pcoI transcription. However, compared with the gacA or gacS mutant,
introduction of a second mutation of rpoS in the gacA� or gacS� background did
not lead to further change in the transcriptional expression of the pcoI gene or the
synthesis of AHL. Our results suggest that in strain 2P24, RpoS could only play its
negative regulatory role on the pcoI gene under a functional GacS/GacA system
background.
& 2008 Elsevier GmbH. All rights reserved.
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Introduction

Many plant-associated Gram-negative microbes
produce and monitor the local accumulation
of signal molecules, including N-acyl-homoserine
lactones (AHL), to regulate a broad range of
rved.
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biological behaviors in association with their
population density (quorum sensing, QS) (Miller and
Bassler, 2001). The regulation mechanisms and
functions of QS have been intensively studied in
recent years. Many reports revealed that the QS
system is under the control of specific regulons
(Venturi, 2005). In pseudomonades, such regulatory
elements include the stationary phase sigma factor
RpoS (Whiteley et al., 2000; Aguilar et al., 2003;
Bertani and Venturi, 2004), two-component regula-
tory system GacS/GacA (Reimmann et al., 1997;
Chatterjee et al., 2003; Bertani and Venturi, 2004),
small RNA binding regulator RsmA (Pessi et al., 2001),
LuxR-family member VqsR (Juhas et al., 2004) and
TetR-family member RsaL (Rampioni et al., 2007).

The two-component system GacS/GacA consist-
ing of the sensor kinase GacS and the cytoplasmic
response regulator GacA is present in a wide variety
of Gram-negative bacteria. Upon interaction with a
yet-unknown signal, the sensor GacS undergoes
autophosphorylation, leading to the activation of
the regulator GacA via a phosphorelay mechanism;
the activated GacA in turn controls the expression
of an array of phenotypes, including pathogenicity,
plant growth-promoting ability, biofilm formation,
production of secondary metabolites and secreted
enzymes and proteins (Heeb and Haas, 2001). GacA
is known to positively regulate the accumulation of
the QS AHL signals by modulating the transcription
of the luxI family genes in P. aeruginosa (Reimmann
et al., 1997), P. syringae (Bertani and Venturi,
2004) and P. putida (Chatterjee et al., 2003).
Bacterial sigma factors (s70, s32, s54, s28, sE) are a
type of transcriptional regulator that facilitates the
activity of RNA polymerase at a set of promoters
defined by specific �35 and �10 sequences
(Regine, 2002). Among these, RpoS (also called ss

or s38) is a stationary phase sigma factor that is
induced when bacterial growth transits from
exponential phase to stationary phase; it also acts
as a central regulator of stress tolerance (Regine,
2002; Stockwell and Loper, 2005). The relationship
between QS and RpoS is intriguing but confusing,
largely because of the distinct regulatory features
reported among different bacteria. In P. aerugino-
sa, the QS system RhlR/RhlI appeared to be
required for the expression of rpoS (Latifi et al.,
1996). However, Whiteley et al. (2000) found no
quorum-regulated rpoS::lacZ transcription; in-
stead, RpoS repressed the transcription of rhlI. In
a recent transcriptome analysis, Schuster et al.
(2004) found that whereas RpoS did not detectably
affect expression of lasI, it positively regulated the
transcription of lasR and rhlR, but negatively
regulated the expression of rhlI. Additionally, in
Burkholderia cepacia strain ATCC 25416, an rpoS-
null mutant displayed no difference in the bio-
synthesis of AHL signal molecules (Aguilar et al.,
2003). In P. putida WCS358, QS and RpoS were
reported to constitute a hierarchical regulatory
circuit (Bertani and Venturi, 2004).

We previously identified the QS locus PcoI/PcoR
in the plant disease-suppressive bacterium Pseudo-
monas fluorescens 2P24, which is involved in the
regulation of root colonization and biological
control ability (Wei and Zhang, 2006). In this
report, we investigated the roles of rpoS gene
and the GacS/GacA two-component system in the
regulation of QS in P. fluorescens 2P24.
Materials and methods

Bacterial strains and growth conditions

The strains, plasmids and oligonucleotides used
in this study are listed in Table 1. Escherichia coli
DH5a was grown in Luria–Bertani (LB) medium at
37 1C. P. fluorescens 2P24 and its derivatives were
grown in LB or ABM minimal medium (Chilton et al.,
1974) or King’s B medium (King et al., 1954) at
30 1C. When required, growth media were supple-
mented with ampicillin (50 mgml�1), kanamycin
(50 mgml�1), tetracycline (20 mgml�1), chloram-
phenicol (20 mgml�1) and 5-bromo-4-chloro-3-indo-
lyl-b-D-galactopyranoside (X-gal) (40 mgml�1).

DNA manipulations and sequencing

Plasmid DNA extractions and other molecular
assays were performed according to standard
procedures (Sambrook et al., 1989). Nucleotide
sequencing was performed by SunBiotechnology Co.
Ltd. Nucleotide and deduced amino acid sequences
were analyzed with the National Center for
Biotechnology Information BLAST server (http://
www.ncbi.nlm.nih.gov).

Construction of a pcoIHlacZ transcriptional
fusion in chromosome

Using plasmid pRG970b (Eede et al., 1992) as the
template, a 3.1-kb fragment of promoterless lacZ
gene was PCR-amplified with the primers lacZ-1
and lacZ-2 (Table 1). The PCR product was digested
with BamHI and cloned into p47SDI (Wei and Zhang,
2006), resulting in the suicide plasmid p47SDI-
lacZ, which was introduced into strain P. fluor-
escnes 2P24 by triparental mating to generate
a double-crossovered mutant PM101 by the gene
replacement method (Link et al., 1997).

http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
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Table 1. Strains, plasmids and oligonucletoides in this study

Strain, plasmid or
oligonucletoide

Description Reference or source

Strains
P. fluorescens
2P24 Wild type, Apr Wei and Zhang (2005)
PM101 pcoIHlacZ reporter fusion of 2P24, Apr This study
PM201 gacA in-frame deletion; Apr This study
PM202 gacS in-frame deletion; Apr Wei and Zhang (2005)
PM203 gacA in-frame deletion of PM101; Apr This study
PM204 gacS in-frame deletion of PM101; Apr This study
PM300 rpoSHTn5 of PM101, Apr Kmr This study
PM301 rpoSHTn5 of PM101, Apr Kmr This study
PM302 rpoS in-frame deletion of PM101; Apr This study
PM303 rpoS in-frame deletion; Apr This study
PM304 rpoS, gacA in-frame deletion of PM101; Apr This study
PM305 rpoS, gacA in-frame deletion; Apr This study
PM306 rpoS, gacS in-frame deletion of PM101; Apr This study
PM307 rpoS, gacS in-frame deletion; Apr This study

A. tumefaciens
NTL4 (pZLR4)

traGHLacZ, AHL indicator, Gmr Cha et al. (1998)

Plasmids
pHSG299 ColE1 origin, cloning vector, Kmr TaKaRa
pRG970b Source of promoterless lacZ gene; Smr Eede et al. (1992)
pRK415 Cloning vector, Tcr Keen et al. (1988)
pRK600 ColE1 replicon with RK2 transfer region, helper plasmid; Cmr Finan et al. (1986)
pUTkm Delivery plasmid for Tn5; R6K replicon; Apr; Kmr Herrero et al. (1990)
p299-DrpoS Suicide plasmid containing deleted rpoS gene, Kmr This study
p415-A pRK415 containing intact gacA gene; Tcr Yan et al. (2004)
p415-rpoS pRK415 containing a 2-kb PCR fragment with rpoS gene, Tcr This study
p415-S pRK415 containing intact gacS gene; Tcr Wei and Zhang (2005)
p47SDA Suicide plasmid pSR47s containing deleted gacA This study
p47SDI pSR47s containing 3.2-kb NotI pcoI gene in-frame deletion fragment;

Kmr
Wei and Zhang (2006)

p47SDI-lacZ p47SDI containing a 3.1-kb BamHI fragment from pRG970b with lacZ
gene inserted into BamHI site; Kmr

This study

p47SDS Suicide plasmid pSR47s containing deleted gacS Wei and Zhang (2005)

Oligonucletoidesa (50-30)
02R ATAGGTACCGCAGACACGAAAAAAGCC, KpnI site
03F CACAAGCTTTCAGCGCCTGGTGACTGGCC, HindIII site
03R TCGGATCCATAGCGATGCCGGTCTC, BamHI site
04F GTGGATCCGCCAGACCATCG, BamHI site
04R ACGAATTCCATAGTCGTCTATCCCGGC, EcoRI site
lacZ-1 CCGGATCCCTAGAAGAAGCTTG, BamHI site
lacZ-2 ATGGATCCTGCAGACATGGCCTG, BamHI site
P1 GCGGATCCTGAACATGGTCTGTCTCC, BamHI site
P2 TCGAATTCAGCCAGCATTCGTG, EcoRI site
P3 TTGAATTCGATGGTCCAGGC, EcoRI site
P4 TGGTCGACAGGAACATCACC, SalI site

Apr, Cmr, Gmr, Kmr, Tcr, indicate resistance to ampicillin, chloromycetin, gentamicin, kanamycin and tetracycline, respectively.
aSpecified restriction sites are underlined.

Q. Yan et al.20
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Tn5 mutagenesis and cloning of the rpoS
gene

To identify the potential upstream regulators for
pcoI gene transcription, we mutated the pcoIHlacZ
strain PM101 randomly by a mini-Tn5 transposi-
tion according to a previously described method
(Herrero et al., 1990). The mutated cells were
incubated on the ABM plate containing ampicillin,
kanamycin and b-galactosidase substrate X-gal at
30 1C for 30 h. Colonies with increased b-galactosi-
dase activity (indicated by more intensive blue
color) were purified and characterized. Mutated
genes in clones with verified phenotypes were
identified by cloning the genomic DNA fragments
harboring the transposon and subsequent sequen-
cing of the flanking DNA. Full length of rpoS gene
was amplified by primers 03F and 02R (Table 1)
designed according to DNA sequences obtained in
the analysis of the Tn-5-induced mutants. The rpoS
gene was inserted into the shuttle vector pRK415 as
a HindIII and KpnI fragment to create the comple-
ment plasmid p415-rpoS.
Construction of gacA, gacS and rpoS in-frame
deletion mutant strains

The suicide plasmid for the introduction of an in-
frame deletion in rpoS was constructed as follows.
Two fragments flanking rpoS gene were amplified
by PCR. One was created by primers 03F and 03R
(Table 1) which introduced the HindIII and BamHI
sites, respectively, and the other was amplified by
primers 04F and 04R (Table 1) which introduced the
BamHI and EcoRI sites, respectively. After being
digested by relevant restriction enzymes, these
two fragments were ligated into plasmid pHSG299
to create a suicide vector p299DrpoS, which
contained a 1.8 kb HindIII–EcoRI rpoS gene frag-
ment with 380 bp deletions in the open reading
frame (ORF).

A similar strategy was used to create a gacA
deletion suicide plasmid, p47SDA, with primers P1
and P2 (Table 1) which introduced the BamHI and
EcoRI sites, with primers P3 and P4 (Table 1) which
introduced the EcoRI and SalI sites, respectively. In
this plasmid, an internal fragment of 247 bp was
deleted in the ORF of gacA gene. Construct p47SDS
for in-frame deletion of gacS was reported pre-
viously (Wei and Zhang, 2005).

Using these suicide plasmids, we constructed rpoS,
gacA and gacS deletion mutants of P. fluorescnes 2P24
with a gene replacement method (Link et al., 1997).
All mutations were verified by multiple PCR analysis.
Isolation and detection of AHL

P. fluorescens 2P24 and its derivatives were
grown in LB liquid medium at 30 1C for 36 h. About
0.8ml of cultures were extracted with the same
volume of ethyl acetate, the extracts were then
dried and resuspended in 0.1ml of methanol. For
quantitative analysis of the AHL, 3 ml of the sample
was incubated with the 0.2ml AHL biosensor
A. tumefaciens NTL4 (pZLR4) (Cha et al., 1998)
(OD600 ¼ 0.8); the reaction mixture was incubated
at 28 1C for 3 h and the b-galactosidase activity of
biosensor cells was assayed (Miller, 1972).

b-galactosidase assay

For b-galactosidase measurement, Pseudomonas
and Agrobacterium strains that contained b-galac-
tosidase reporter genes were grown in LB and ABM
liquid medium respectively at 28 1C with shaking at
130 rpm in 50-ml flasks. Cultures were sampled at
different time points and assayed for b-galactosi-
dase specific activity according to Miller method
(Miller, 1972).

Nucleotide sequence accession number

The GenBank accession number for the DNA
sequence containing the rpoS gene of P. fluorescens
2P24 is EF587266.
Results

Cloning of rpoS gene using a mini-Tn5 mutant
procedure

To monitor the expression changes of QS in
P. fluorescens 2P24, we constructed the reporter
strain PM101 that contained a chromosomal fusion
of a promoterless lacZ gene into the ORF of the
homoserine lactone biosynthase gene pcoI. There-
fore, the transcription of the pcoI gene could be
quantified by measurement of the b-galactosidase
activity. After introducing the mini-Tn5 transposon,
ca.10,000 mutants of strain PM101 were screened
for LacZ activity. Two mutants, PM300 and PM301,
formed colonies with more intensive blue color on
minimal medium supplemented with X-gal were
identified. The Tn5 insertion sites were subse-
quently cloned as SalI fragments from the chromo-
somal DNA of these two mutant strains. Sequence
analysis revealed that in both cases, the transposon
inserted in the same ORF but at different positions
(Figure 1). The disrupted ORF was of 1008 bp in
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Figure 1. Schematic diagram of P. fluorescens 2P24 rpoS gene and its flanking regions. The solid triangles represent
the position of Tn5 insertion in mutant strains PM300 and PM301, respectively. Restriction enzyme abbreviations:
E, EcoRI; S, SalI.
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length and was predicted to encode a 38.1 kDa
protein. The deduced protein showed a high-level
similarity to members of sigma factor RpoS family,
with 96.7% identity to RpoS of P. fluorescens Pf-5
(Sarniguet et al., 1995; Stockwell and Loper, 2005);
94.0% identity to RpoS of P. fluorescens CHA0 (Heeb
et al., 2002); and 58.6% identity to KatF of E. coli
(McCann et al., 1991).

In P. fluorescens CHA0, the rpoS gene was flanked
by the nlpD and rsmZ genes (Heeb et al., 2002),
encoding a novel lipoprotein (NlpD) and a small
RNA regulator (RsmZ), respectively. Similar gene
arrangement is present in the rpoS region of
P. fluorescens 2P24 (Figure 1).
Figure 2. Regulation of rpoS on the transcription of
pcoIHlacZ fusion. b-galactosidase activity (solid) and the
growth curve (open) of each strain were measured at
various time points after inoculation into 30-ml LB
medium. All experiments were performed in triplicate,
and the mean values7SD are indicated. (K,J) The
parent strain PM101/pRK415; (’,&) the rpoS mutant
PM302/pRK415; (m,n) the complemented PM302/p415-
rpoS. b-gal, b-galactosidase; OD600, optical density at
600 nm.
rpoS negatively regulated the pcoI gene
transcription and the accumulation of AHL

To avoid the potential polar effect that may
affect further analysis of the gene regulation, an
in-frame deletion of rpoS gene in strain P. fluor-
escens PM101 (pcoIHlacZ) was constructed. When
grown in LB broth, the in-frame deletion mutant
PM302 (rpoS�, pcoIHlacZ) showed significantly
higher b-galactosidase activity from the early-
logarithmic phase than that of strain PM101; the
most significant difference was observed when the
bacteria grew into late-logarithmic and stationary
phases (Figure 2). The pcoI::lacZ activity of the
rpoS gene mutant PM302 can be complemented to
the wild-type level by the plasmid-born wild-type
rpoS gene (Figure 2). These results suggested that
RpoS was involved in the negative regulation of pcoI
transcription.

To further analyze the effect of rpoS deletion, we
quantitatively compared the accumulation of QS
signals AHL in P. fluorescens 2P24 and its rpoS
mutant. An rpoS in-frame deletion mutant strain
PM303 was constructed with wild-type strain 2P24
to analyze the effect of rpoS on the AHL accumula-
tion. The AHL produced by 2P24 and its derivatives
were extracted and detected after 36 h shaking in
LB broth as described in the Materials and methods.
The results (Figure 5) indicated that mutant PM303
(rpoS�) produced a significantly larger amount of
AHL signals than the wild-type 2P24. In comple-
mentation experiments, the plasmid p415-rpoS,
but not the vector, restored the production of the
QS signals to the wild-type level (Figure 5). This
result was consistent with that of the reporter-
mediated assay, indicating that rpoS negatively
regulated the transcription of the pcoI gene in
strain 2P24.
GacS/GacA positively regulated the pcoI gene
transcription and the accumulation of AHL

The two-component regulatory system GacS/
GacA has been identified as an important regulator
in many pseudomonades (Heeb and Haas, 2001). In
2P24, GacS/GacA was determined to play an
important role in biocontrol of wheat take-all
disease (Yan et al., 2004; Wei and Zhang, 2005).
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To detect whether the GacS/GacA influences the
expression of pcoI in 2P24, gacA and gacS deletion
mutants were constructed in the reporter strain
PM101 (pcoIHlacZ), resulting in PM203 (gacA�,
pcoIHlacZ) and PM204 (gacS�, pcoIHlacZ), respec-
tively. When grown in LB liquid medium, the
pcoIHlacZ activity increased with the increase of
cell density in strain PM101, but did not increase in
the mutants PM203 and PM204, in which the GacS/
GacA two-component regulatory systems were
impaired (Figure 3). When the plasmids harboring
the wild-type gacA and gacS gene (p415-A and
p415-S) were introduced into PM203 and PM204,
respectively, the pcoIHlacZ activities of these
complemented mutants were parallel to that of
strain PM101 (Figure 3).

The gacA and gacS deletion mutant strains,
PM201 (gacA�) and PM202 (gacS�), were also
constructed in wild-type 2P24 to determine their
influence on AHL molecules accumulation. The
AHL production of PM201 and PM202 decreased
markedly compared to the wild-type strain 2P24
(Figure 5), and the mutant phenotypes of PM201
and PM202 were completely complemented by the
plasmid-born gacA and gacS genes, respectively
(Figure 5). Taken together, these results genetically
indicated that the GacS/GacA system positively
regulates the transcription of the pcoI gene and the
accumulation of AHL.
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Figure 3. Regulation of gacS and gacA on the transcrip-
tion of pcoIHlacZ fusion. b-galactosidase activity (solid)
and the growth curve (open) of each strain were
measured at various time points after inoculation into
30-ml LB medium. All experiments were performed in
triplicate, and the mean values7SD are indicated.
(K,J) The parent strain PM101/pRK415; (~,}) the
gacA mutant PM203/pRK415; (’,&) the complemented
PM203/p415-A; (.,,) the gacS mutant PM204/pRK415;
(m,n) the complemented PM204/p415-S. b-gal, b-galac-
tosidase; OD600, optical density at 600 nm.
The effect of GacS/GacA and rpoS double
mutant on the pcoI expression and the AHL
production

Since the above results demonstrated the oppo-
site regulatory roles of sigma factor RpoS and
the two-component system GacS/GacA on QS in
P. fluorescens 2P24, we were interested in deter-
mining the effect of a double deletion mutant of
these two regulatory factors on the expression of
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Figure 4. The transcriptional activity of pcoIHlacZ
fusion in parent strain PM101 and mutant derivatives.
b-galactosidase activity (solid) and the growth curve
(open) of each strain were measured at various time
points after inoculation into 30-ml LB medium. All
experiments were performed in triplicate, and the mean
values7SD are indicated. (A) Regulation of gacA and rpoS
on the transcription of pcoIHlacZ fusion gene; (K,J) the
parent strain PM101/pRK415; (~,}) the gacA mutant
PM203/pRK415; (’,&) the rpoS mutant PM302/pRK415;
(.,,) the rpoS-gacA double mutant PM304/pRK415;
(m,n) the complemented PM304/ p415-A. (B) Regulation
of gacS and rpoS on the transcription of pcoIHlacZ fusion
gene. (K,J) The parent strain PM101/pRK415; (~,}) the
gacS mutant PM204/pRK415; (’,&) the rpoS mutant
PM302/pRK415; (.,,) the rpoS-gacS double mutant
PM306/ pRK415; (m,n) the complemented PM306/p415-
S. b-gal, b-galactosidase; OD600, optical density at 600nm.
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Figure 5. Regulation of gacS, gacA and rpoS on the production of AHL. The b-galactosidase activity of traGHLacZ fusion
in biosensor stain A. tumefaciens NTL4 (pZLR4) was measured after incubation with AHL signals that were extracted
from the wild-type 2P24 and its derivative strains. The wild-type 2P24/pRK415; the rpoS mutant PM303/pRK415; the
gacA plus rpoS mutant PM305/pRK415; the complemented PM305/p415-A; the gacS plus rpoS mutant PM307/pRK415;
the complemented PM307/p415-S; the gacA mutant PM201/pRK415; the complemented PM201/p415-A; the gacS
mutant PM202/pRK415; the complemented PM202/p415-S. All experiments were performed in triplicate, and the mean
values7SD are indicated.
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pcoI and the accumulation of AHL signals. Double
mutant strains PM304 (gacA�, rpoS�, pocIHlacZ)
and PM306 (gacS�, rpoS�, pocIHlacZ) were con-
structed using reporter strain PM101 (pocIHlacZ) by
the method described above. PM304 and PM306
showed a similar phenotype on the expression of
pcoIHlacZ with the single mutants on GacS/GacA
system, PM203 (gacA�, pcoIHlacZ) and PM204
(gacS�, pcoIHlacZ), respectively (Figure 4), i.e.,
the double mutant strains PM304 and PM306
reduced the expression level of pcoIHlacZ signifi-
cantly compared to the single deletion mutant of
rpoS PM302 (rpoS�, pcoIHlacZ) and the reporter
strain PM101 (pcoIHlacZ). Plasmids harboring the
wild-type gacA (p415-A) and gacS (p415-S), but not
the rpoS gene (data not shown) and the vector,
complemented the lost phenotype of strains PM304
and PM306, respectively. Interestingly, The pcoIH
lacZ activities of their complemented mutants
were restored to the level similar to that of mutant
strain PM302 (rpoS�, pcoIHlacZ), but not to that of
reporter strain PM101 (pcoIHlacZ) (Figure 4),
indicating that the sigma factor RpoS could only
play its negative regulatory role on the pcoI gene
under a functional GacS/GacA system background.

Analysis of AHL signal accumulation of the double
deletion mutants of GacS/GacA system and sigma
factor RpoS in wild-type strain 2P24 received the
results consistent with that of the transcriptional
regulation assay. Double deletion mutant strains
PM305 (gacA�, rpoS�) and PM307 (gacS�, rpoS�)
were generated by two-step homologous recombi-
nation using wild-type 2P24 as a receptor. Both
mutants produced much lower amounts of AHL than
that of a single mutant of rpoS (PM303) or the wild
type, but similar to the single mutant of gacA
(PM201) or gacS (PM202) (Figure 5). Complementa-
tion of PM305 and PM307 with plasmids p415-A and
p415-S, respectively, resulted in a large amount of
AHL signal accumulation, which is significantly
higher than that of wild-type 2P24 and comparable
to that of mutant PM303 (rpoS�). These results
indicated in the absence of the Gac system,
expression of pcoI no longer was repressed by RpoS.
Discussion

In this study, we provided a genetic evidence
to demonstrate that in P. fluorescens strain 2P24,
the GacS/GacA two-component system plays a
positive role in the transcriptional expression of
pcoI. Furthermore, using a random mini-Tn5 muta-
genesis procedure, we identified the stationary
sigma factor RpoS as a negative regulator of the
transcription of pcoI. The observation that pcoI
was expressed at a basal level in a mutant lacking
both RpoS and the Gac system suggested that the
control of pcoI by RpoS was via the function of the
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two-component system. RpoS may function via a
third factor to repress the Gac system. However,
given the large number of mutant candidates we
have screened through and the high randomness of
Tn-5 insertion in psudomonads, we preferred a
model in which RpoS directly functioned to repress
the activity of the Gac system, which in turn acted
to turn on the QS reporter. Since very little is known
about the genetic elements such as promoters and
trans-acting proteins necessary for the expression
of the Gac system, currently it is difficult to
determine the mechanisms of this RpoS-mediated
control of Gac system. Sigma factors were gener-
ally recognized as the key factors in gene tran-
scription initiation (Regine, 2002), it is very likely
that the RpoS negatively controls the Gac system at
transcriptional level.

It has been reported that RpoS participates in the
regulation of QS systems in various bacterial strains
but the effect of the regulation differed among
these systems. In P. putida strain WCS358, RpoS
positively regulates the PpuI/PpuR QS system
(Bertani and Venturi, 2004), but in Burkholderia
cepacia genomovar I type strain, ATCC 25416, this
sigma factor does not detectably affect the
accumulation of AHL (Aguilar et al., 2003). In
P. aeruginosa strain PAO1, RpoS and QS reciprocally
regulate the expression to each other (Schuster
et al., 2004). Our observation that RpoS negatively
affected expression of pcoI in strain 2P24 added
one more layer to the complexity of the relation-
ship between QS system and RpoS. Further study
will be directed in understanding the mechanisms
underlying how the PcoI/PcoR system is affected by
RpoS in strain 2p24.

It has been reported that the GacS/GacA
two-component system positively controlled the
expression of rpoS in P. fluorescens Pf-5 (Whistler
et al., 1998) and in Azotobacter vinelandii
(Castaneda et al., 2001). Similarly, we observed a
positive regulation of GacA on the transcription of
rpoS gene in P. fluorescens 2P24 (data not shown).
Together with the above results, we proposed the
existence of a negative feedback relationship
between RpoS and the Gac system, induction of
RpoS by the two-component system may provide a
mechanism to lower the level of the Gac when
environmental cues favorable for hyperactivity of
this system no longer are available.
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