
RRhhiizz    sspphheerree 22

Bacterial intercellular communication (quorum sensing) in rice associated bacteria
Venturi Vittorio1, Bertani Iris1, Bigirimana Joseph2, Cabrio Laura2, Degrassi Giuliano1, DeSordi Luisa1, Devescovi Giulia1, Mattiuzzo Maura2, Ferluga
Sara1, Steindler Laura1, Rocio Suarez Moreno Zulma1, Subramoni Sujatha1

1 International Centre for Genetic Engineering and Bacteriology Padriciano 99 34012 Trieste Italy
2 International Centre for Genetic Engineering and Biotechnology (ICGEB), Biosafety Outstation, Via Piovega 23, 31052 Ca

In the last decade, it has become recognized that bacteria behave as a community employing a major level of gene regulation involving inter-
cellular communication organized by the production and detection of small signal molecules. This allows bacteria to monitor their population
density by responding to the extracellular concentration of the signal molecule they produce enabling them to coordinate the expression of
certain genes beneficial to the bacterial community. In gram-negative bacteria, N-acyl homoserine lactones (AHLs) are to date the most com-
monly used signal molecules being produced by a synthase enzyme belonging to the LuxI protein family; different bacterial species produce
different AHLs differing in the length and structure of the acyl chain. A transcriptional regulator, belonging to the LuxR family, then forms a
complex with the cognate AHL at threshold levels altering the transcriptional activity of target genes. The two research groups of ICGEB
Trieste and ICGEB Ca’Tron are undertaking research in quorum sensing in Gram-negative bacteria associated with rice; more precisely with
rice-rhizosphere beneficial Pseudomonas sp., in the beneficial rice endophyte Burkholderia brasiliensis and in Xanthomonas oryzae,
Burkholderia glumae, Burkholderia plantarii, and Pseudomonas fuscovaginae, which are very important rice pathogens. How these bacteria
employ quorum sensing to either establish a beneficial association with the plant in the rhizosphere or to colonize and cause disease are
currently being studied and significant results will be presented.
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GABA: a signal connecting cell-to-cell communications across kingdoms
Haudecoeur Elise, Cirou Amélie, Chevrot Romain, Faure Denis

Institut des sciences du végétal Centre National de la Recherche Scientifique Avenue de la terrasse 91198 Gif-sur-Yvette France

In A. tumefaciens, 3-oxo-octanoyl homoserine lactone (OC8-HSL) is a quorum sensing signal implicated in control of the conjugation of the
Ti plasmid, the amplification of Ti plasmid copy-number, and the severity of tumour symptoms. Moreover, A. tumefaciens C58 harbours two
lactonases, AttM (Zhang et al. 2002 ; Carlier et al. 2004) and AiiB (Carlier et al. 2003), which may open the gamma-butyrolactone (GBL) ring
of the OC8-HSL signal. 

In this work (Chevrot et al. 2006), we identified a plant molecule, gamma amino butyrate (GABA) that induces the expression of attKLM ope-
ron. This expression was correlated with a decrease of OC8-HSL concentration in A. tumefaciens cultures. In addition, transgenic tobacco
plants with elevated levels of GABA were less sensitive to A. tumefaciens C58 infection than wild-type plants. These findings indicate that
plants may modulate quorum-quenching activity in A. tumefaciens, thereby affecting its virulence on plants. 

While opines are required for the synthesis of OC8-HSL at a high level, GABA stimulates the inactivation of the QS signal via the quorum-
quenching lactonase AttM, suggesting a tight control of QS by host plant signals. A novel paradigm for signal exchange in A. tumefaciens-
host plants interaction is discussed. 

Oral presentationst
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N-Acylhomoserine lactone signalling in the rhizosphere and response patterns by plants
Hartmann Anton1, Götz Christine1, Klein Ilona2, von Rad Uta2, Rothballer Michael1, Fekete Agnes3, Schmitt-Kopplin Philippe3, Durner Jörg2, Schröder
Peter1

1 GSF-National Research Center for Environment and H Microbe-Plant-Interactions Ingolstaedter Landstrasse 1 D-85764 Neuherberg / Munich
Bavaria Germany
2 GSF-National Research Center for Environment and Health, Institute of Biochemical Plant Pathology, D 85764 Neuherberg/ Munich, Germany
3 GSF-National Research Center for Environment and Health, Institute of Ecological Chemistry, D 85764 Neuherberg/Munich, Germany

Bacteria are able to coordinate their activities producing small molecular weight signal molecules, such as N-acyl homoserine lactones
(AHLs). Gram-negative bacteria use these small auto-inducer molecules to sense their microenvironment in a kind of "efficiency sensing"
(Hense et al. 2007) which is also known as "quorum sensing". Beyond a certain threshold level the perception of auto-inducing signalling
molecules leads to the activation of its own biosynthesis and the expression of a new set of genes which are especially active in interaction
with the habitat, the degradation of food sources and the interaction with neighbouring organisms. Thus, bacterial populations can be regar-
ded as multi-cellular organisms responding towards conditions of their environment in a coordinated fashion.

The spatial distribution of responses by bacterial populations towards AHL-molecules could be measured in situ using specific reporter bac-
teria (Gantner et al., 2006). This diffusion controlled process of signal distribution finally reaches not only neighbouring bacterial cells and
communities but also organs of higher organisms, like roots. In tomato, the induction of pathogen resistance genes due to AHL-exposure
was shown (Schuhegger et al., 2006). In Arabidopsis and barley, stimulation of root and shoot growth was demonstrated in axenic systems
when different AHLs were added. This plant growth promotion was accompanied by a specific gene expression pattern and increased auxin
levels in roots and shoots. However, no increase in plant defence could be observed in Arabidopsis and barley after the application of diffe-
rent AHL-compounds. Therefore, plants seem to respond to AHL-signalling molecules differently. Using highly specific FTICR-MS and UPLC
analyses and tracing of 3H-labeled C6-, C8- and C10-homoserine lactones in plant tissues, different patterns of AHL-uptake and transport /
degradation in different plants were observed. While leguminous plant did not transport AHL-compounds and possibly degrade them, barley
and Arabidopsis is taking up significant amounts of short side chain AHLs even into the shoot. 

Gantner et al. (2006) FEMS Microbiology Ecology 56, 262-271
Hense et al. (2007) Nature Reviews Microbiology 5, 230-239
Schuhegger et al. (2006) Plant Cell & Environment 29, 909-918
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Bacterial degradation of the plant signal molecule indole 3-acetic acid: mineralization, manipulation or com-
munication?
Leveau Johan

Netherlands Institute of Ecology (NIOO-KNAW) Boterhoeksestraat 48 6666 GA Heteren Netherlands

Both culture-dependent and -independent approaches were used to investigate the natural abundance and diversity of bacterial degraders
of the plant hormone indole 3-acetic acid (IAA). 

Bulk and rhizosphere soils from different sampling sites contained significant numbers of bacteria that were able to use IAA as a sole source
of carbon and energy. The rhizosphere of Festuca ovina (sheep’s fescue) contained no less than 10-5-10-6 IAA-utilizing colonies per gram soil
(fresh weight). Up to 1% of the culturable bacterial fraction in bulk soils from unplanted plots of an experimental tree nursery grew on IAA.
Sixteen out of sixty (27%) isolates of Pseudomonas fluorescens from the rhizosphere of Pseudotsuga menziesii (Douglas fir) seedlings for-
med colonies on minimal medium plates containing IAA. These observations show that IAA degradation is a common property among bulk
and rhizosphere soil bacteria. We also identified, by homology to the IAA-degradation genes of the model strain Pseudomonas putida 1290,
several candidate IAA degraders among those bacterial species for which a genome sequence is available. Several of these strains were
tested and confirmed to be able to grow on IAA, showing that IAA degraders have representatives in the α-, β- and γ Proteobacteria as well
as the high G+C Gram-positive bacteria. Also, we developed a cultivation-independent methodology to isolate from the metagenome of rhi-
zosphere or other environments DNA fragments that code for the degradation of IAA. Several such fragments were sequenced to reveal the
genetic diversity of genes underlying bacterial IAA catabolism. This data set provides the framework and tools for a genetic and molecular
approach to the impact of bacterial IAA degradation on plant functioning and its role in plant-microbe interactions: is IAA degradation a means
for bacteria to manipulate plant hormone balances and thus plant physiology or could it enable them to communicate their presence to
plants?
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The molecular analysis of the effects of the rhizosphere signal molecule lumichrome as a plant growth pro-
moter
Gouws Liezel, Kossmann Jens 

University of Stellenbosch Genetics (Institute for Plant Biotechnology) Merriman Ave, Natural Science Building, Room 2062 7600 Stellenbosch
Western Cape South Africa

A range of low molecular weight compounds have recently been identified that stimulate plant growth. They do not fall into the usually reco-
gnized classes of plant hormones, are produced by bacteria in the rhizosphere, fungi or even other plants and their mode of action is com-
plex as they trigger other physiological processes such as induced systemic pathogenic resistance. 

Sinorhizobium meliloti bacteria produce a signal molecule called lumichrome that has been shown to promote plant growth in various plant
species. Little is known about how exactly the growth promotion takes place and which genes and proteins play a pivotal role. The mecha-
nism remains to be clarified; therefore our aim is to elucidate the molecular mechanism behind the growth stimulation. 

Lumichrome applied at nanomolar concentrations elicited growth in Medicago sativa, Lotus japonicus and Lycopersicon esculentum. Growth
promotion was observed in the shoots as well as in the roots but displayed the most promising results in the roots. 

Large scale profiling of gene expression, proteins and metabolites in lumichrome treated and untreated plants is underway. Gas chromato-
graphy Mass Spectrometry (GC-MS) analysis showed significant differences in metabolite levels of lumichrome treated and untreated plants. 

On the protein level, two-dimensional (2D) gel electrophoresis was utilized to analyse the differential protein expression of Lycopersicon
esculentum in treated and untreated plants. 20 Spots displaying significant changes in expression levels between treated and untreated
plants were identified. Further analysis is underway to identify these spots.

In understanding the molecular mechanism and by identifying a small number of genes involved in mediating these processes, these genes
could in future be used to engineer crops for enhanced vigor and productivity.

O-548



A quorum-quenching approach to identify quorum-sensing regulated functions in Azospirillum lipoferum
Boyer Mickaël, Matthiote Emilie, Bally René, Wisniewski-Dyé Florence

UMR CNRS 5557 Ecologie Microbienne 43 boulevard du 11 Novembre 1918 69622 Villeurbanne France

Quorum-sensing is a widespread signalling mechanism that allows bacteria to perceive and coordinately respond to changes in population
density by means of intercellular mechanisms. Among the different signalling system characterized, the predominant system in proteobac-
teria is based on N-acyl-L-homoserine lactone (AHL). AHL are a group of small diffusible signalling molecules synthesized by members of
the LuxI family and which can differ in the length or substitution of their acyl side chains. When bacteria reach a threshold concentration, AHL
interact with a LuxR-type transcriptional regulator that triggers specific sets of genes. In many cases, the AHL-regulated functions are cru-
cial for plant–bacteria interactions, whether the latter are pathogenic or beneficial.

Plant beneficial bacteria, including some species belonging to the genera Azospirillum, are usually referred to as plant growth-promoting rhi-
zobacteria (PGPR). Azospirillum is a free-living α- proteobacteria whose plant growth promotion of cereals and grasses seems to be due
mainly to production of phytohormones, leading to an increase of crop yield by up to 30%. Some Azospirillum strains belonging to the lipo-
ferum species were previously shown to produce AHL (Vial et al., 2006). Although genetic determinants involved in AHL production (luxI and
luxR homologs) were identified for one strain, mutants abolished for AHL production could not be obtained. The aim of the present study is
to identify quorum-sensing regulated functions in AHL-producing Azopirillum strains. To this purpose, a quorum-quenching approach has
been developed in order to abolish AHL production: a gene encoding a lactonase (i.e. an enzyme that hydrolyzes the lacton ring of AHL and
hence inactivates AHL) has been cloned on a broad host range plasmid and introduced by conjugation into AHL-producing Azopirillum
strains. AHL production was completely abolished and two types of analysis were undertaken on the strains no longer producing AHL. First,
the analysis was targeted towards putative quorum-sensing regulated functions; second, a global proteomic approach was performed in
order to identify quorum-sensing regulated proteins.
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Occurrence of the quorum-quenching lactonases among the rhizospheric populations of Agrobacterium
tumefaciens
Haudecoeur Elise, Cirou Amélie, Faure Denis

CNRS avenue de la Terrasse 91198 Gif-sur-Yvette France

In A. tumefaciens C58, the OC8-HSL signal is implicated in control of the conjugation of the Ti plasmid, the amplification of Ti plasmid copy-
number, and the severity of tumour symptoms. Moreover, A. tumefaciens C58 harbours two lactonases, AttM (Zhang et al. 2002 PNAS 99-
4638; Carlier et al. 2004 Mol. Plant Microbe Interact.17-951) and AiiB (Carlier et al. 2003 Appl. Environ. Microbiol. 69-4989), which may open
the gamma-butyrolactone (GBL) ring of OC8-HSL quormone. The expression of these two lactonases is regulated by plant signals (Chevrot
et al. 2006 PNAS 103: 7460-7464). 

In this work, we investigated the occurrence the attM and aiiB genes among 600 A. tumefaciens isolates collected from tomato and tobacco
rhizospheres. The attM gene is common among the analyzed populations, while aiiB does not. In a particular rhizospheric isolate A. tume-
faciens WRT31, we observed a strong capacity to inactivate quorum-sensing signal. We showed that the expression of the lactonase attM
was strongest in this bacterium than in the reference strain A. tumefaciens C58. This feature highlights the heterogeneity of attM expression
in A. tumefaciens isolates. The ecological significance of these observations is discussed. 

Poster presentationst
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N-acylhomoserine lactones degradation is mediated by a lactonase-like activity in the environment of several
legume plant species.
Chapelle Emilie, Dessaux Yves

ISV - CNRS UPS 2355 1, avenue de la Terrasse 91198 Gif-sur-Yvette France

N-acylhomoserine lactones (N-AHL) are low molecular weight signal molecules involved in quorum-sensing (QS) in bacteria. QS is a cell
density-dependent regulatory mechanism implicated in many microbial functions, some being responsible for plant-bacteria interactions. N-
AHL-degrading activities have been described in different kinds of bacteria and animal cells. On another hand, plant-produced compounds
interfering with QS signalization have been found. However, N-AHLase activities had not been observed in plant until a recent report on the
disappearance of N-AHL in the environment of Lotus corniculatus plantlets (Delalande et al. 2005). Novel results indicate that the activity is
also detectable in three other legume species, out of six that have been examined, namely Lotus japonicus, Medicago sativa and Vicia sativa,
but neither in Glycine max, nor in the two non-legume species included in the study. The effect of temperature and proteinase K treatment
indicates that this phenomenon depends upon an enzymatic activity. Furthermore, a test based on the chemical characteristics of the signal
molecule and HPLC-MS analysis of the degradation product allowed us to determine that the degradation of N-hexanoyl-L-homoserine lac-
tone (C6-HSL) in these two legume species was due to a lactonase activity. The degradation of C6-HSL has been detected in extracts of
green tissues but appears more active in the roots extracts. This observation suggests that the N-AHLase activity might play a role in the
interactions between these legumes and some rhizospheric bacteria. Indeed, in several Rhizobiaceae, various functions involved in symbio-
sis and/or rhizospheric survival are regulated via QS. 

Delalande L., Faure D., Raffoux A., Uroz S., d’Angelo-Picard C., Elasri M., Carlier A., Berruyer A., Petit A., Williams P., Dessaux Y. 2005. N-
hexanoyl-L-homoserine lactone, a mediator of quorum-sensing regulation, exhibits plant-dependent stability and may be inactivated by ger-
minating Lotus corniculatus seedlings. FEMS Microbiol. Ecol. 52:13-20.
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Three independent signaling pathways begativelly regulate motility in the rhizosphere colonizing bacteria
Pseudomonas fluorescens F113
Navazo Ana, Barahona Emma, Redondo-Nieto Miguel, Antequera Ana, Arcos Juan Ignacio, Martinez-Granero Francisco, Rivilla Rafael, Martin Marta

Universidad Autónoma de Madrid General Biology C/ Darwin 2 28049 Madrid Spain

Motility is one of the most important traits for competitive rhizosphere colonization, being mutants with restricted motility poor competitors.
Rhizosphere selects hypermotile phenotypic variants that show enhanced rhizosphere colonization abilities. A common characteristic of rhi-
zosphere selected hypermotile variants is that they harbour mutations in the genes encoding the two-component system GacA/GacS that in
response to environmental signals, regulates most of the secondary metabolism of this bacterium. Through insertional mutagenesis, we have
shown that the Gac system represses motility of P. fluorescens, and that this repression is mediated by the RsmA and E proteins, affecting
the expression of the master regulator fleQ. However, many of the hypermotile variants isolated from the rhizosphere, especially those that
show enhanced colonization, harbour additional mutations in unknown genes that result in more motility than the gac mutants. To identify
which genes might be affected in these variants we have mutagenized P. fluorescens F113 with Tn5 derivatives that contain a replication ori-
gin for E. coli, allowing the rescue of the transposon adjacent regions as plasmids. The analysis of 3000 insertions has allowed the identifi-
cation of several genes encoding motility repressors. Among the identified genes: kinB (encoding the sensor of a two-components system),
wspR (encoding a protein with a CheY sensing domain and a GGDEF effector domain and necessary for biofilm formation) and sadB (enco-
ding a signalling protein implicated in biofilm formation and swarming motility). The analysis of these mutants and of double and triple mutants
has shown that the gacS mutation is epistatic over the kinB mutation, indicating that both genes are part of the same signalling pathway.
Conversely, mutations on gacS, sadB and wspR are additive, showing that each of these genes are part of three independent signalling path-
ways that repress motility in P. fluorescens. It is interesting that the motility phenotype of the triple mutant is identical to the phenotype of the
most competitive rhizosphere selected variants.

P-364



Is biofilm formation a requirement for rhizosphere colonization?
Barahona Emma, Navazo Ana, Redondo-Nieto Miguel, Martinez-Granero Francisco, Martin Marta, Rivilla Rafael

Universidad Autónoma de Madrid General Biology c/Darwin 2 28049 Madrid Spain

Motility is one of the most important traits for rhizosphere colonization by Pseudomonas fluorescens, being mutants with reduced motility
very poor competitors. Furthermore, rhizosphere selects hypermotile phenotypic variants that in the case of variants v5, v12, and v35, which
were selected from the rhizosphere after P. fluorescens F113 inoculation, show enhanced competitivity, displacing the wt strain (Martinez-
Granero et al., 2006). On the other hand, the aggregation of bacteria on the root surface is usually termed biofilm. A biofilm is defined as an
aggregation of bacteria highly organized that is supported by a matrix produced by the bacteria. Are biofilm sensu stricto the aggregations
of bacteria on the rhizosphere during colonization? Recent reports oppose a planktonic lifestyle characterized by motility to a sessile lifes-
tyle in the form of biofilm. The transition between both lifestyles is regulated by the levels of cyclic di-guanilate (di-GMPc), and these levels
are controlled by diguanilate cyclases (proteins with a GGDEF domain) and phosphodiesterases (proteins with EAL or HD domains). In this
sense, mutants unable to form biofilms show reduced levels of diGMPc and increased motility. To test the hypothesis of biofilm formation
being necessary for rhizosphere colonization, we have used the hypermotile mutants gacS-, sadB- and wspR-, and the hypermotile variants
v5, v12 and v35, which also showed enhanced colonization. Experiments of biofilm formation in multiwell plates showed that the gacS-
mutant formed biofilms with the same efficiency that the wt strain. However, the sadB- and wspR- mutants were severely impaired in biofilm
formation, as has been also reported in other pseudomonads. Rhizosphere colonization experiments showed that both mutants colonized
the root apex as efficiently as the wt strain (ca. 107 CFU g-1), indicating that mutants unable to form biofilms are not impaired in rhizosphere
colonization. Furthermore, the phenotypic variants v5, v12 and v35 that were more competitive than the wt strain, were also severely impai-
red in biofilm formation in multiwell plates, showing that biofilm formation is not a requirement for competitive rhizosphere colonization.
Because of these results, we propose that the term biofilm is not appropriate to design bacterial aggregates during rhizosphere colonization,
being the term microcolonies more accurate.
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Flavonoid biodegradation, sorption and impact on microbial activity and community structure in soil and rhi-
zosphere
Shaw Liz1, Hooker John2

1 University of Reading Soil Science Whiteknights RG6 6DW Reading United Kingdom
2 Department of Environmental & Geographical Sciences, Manchester Metropolitan University, John Dalton Building, Chester Street, Manchester M1
5GD, U.K.

Chemicals belonging to the flavonoid class of plant secondary metabolites play a multifunctional role in plant root-microbe interactions. They
are nod gene inducers in the initiation of the legume-rhizobia symbiosis and are active in plant defence. It is known that flavonoids enter the
rhizosphere soil in exudates and during root senescence, but little is known about concentrations of flavonoids experienced by soil microor-
ganisms in rhizosphere soil, their fate and their impacts on microbial activity and community structure. Therefore, the aim of this research
was to begin to fill these knowledge gaps by: (a) estimating the bioavailability of flavonoids in soil through quantification of their sorption to
soil constituents; (b) examining flavonoid biodegradation potential when subject to the catabolic activities of the soil microbial community; (c)
characterising flavonoid impacts on soil microbial activity and community structure. Three flavonoids were chosen for study: naringenin, a
flavanone central to the flavonoid biosynthetic pathway; formononetin, an isoflavanone produced almost exclusively by legumes; and, ono-
nin the glucoside conjugate of formononetin. Construction of sorption isotherms and estimation of log(Koc) (the organic carbon-normalised
partition coefficient) for comparison to compounds whose soil behaviour is better known revealed that naringenin and formononetin had a
log(Koc) similar to that of naphthalene (3.1-3.2), indicating a ‘moderate’ bioavailability. Indeed, tests indicated that both naringenin and for-
mononetin (spiked at 50 µg g-1) were bioavailable enough to allow rapid biodegradation in soil; biodegradation of naringenin proceeded
without a lag phase and was complete within 48 h. The log(Koc) for ononin was lower (2.18) than that of naringenin and formononetin, sug-
gesting less interaction with the soil solid phase and therefore potentially greater bioavailability and mobility. A dehydrogenase assay to exa-
mine the impact of naringenin and formononetin (added in tenfold concentration increments from 0.1 to 1000 µg g-1) on soil microbial acti-
vity revealed that formononetin had no significant effect (p>0.05) whereas naringenin concentration had an overall (p=0.045) but non-syste-
matic effect. Naringenin, when added continuously to soil against a background of artificial root exudates (to mimic exudation), caused a shift
in bacterial community structure compared to the non-naringenin control as determined by PCR-DGGE analysis. 
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Detection, spread and interactions of Pepino Mosaic Virus and Pythium aphanidermatum in the root environ-
ment of tomato grown hydroponically
Schwarz Dietmar1, Paschek Ulrike2, Bandte Martina3, Büttner Carmen3, Obermeier Christian4

1 Institute of Vegetable and Ornamental Crops Theodor Echtermeyer Weg 1 D-14979 Grossbeeren Germany
2 Swedish University of Agricultural Sciences; Genetics Centre Uppsala, Sweden
3 Humboldt-University Berlin, Faculty of Agriculture & Horticulture, Phytomedicine 
4 Justus-Liebig-University Giessen, Agricultural Science, Institute of Plant Breeding

The suddenly and widespread occurrence of Pepino mosaic virus (PepMV) in European tomato culture raised several questions on origin,
distribution and epidemiology of the virus. Experiments were carried out to answer the following questions: Does PepMV spread via the
nutrient solution from infected to healthy plants? Do root pathogens, such as Pythium aphanidermatum, affect the distribution of PepMV and
vice versa? What is the impact of an infection with PepMV on tomato yield? 

The distribution of PepMV via the nutrient solution was investigated in a model experiment (climate chamber) and in two greenhouse expe-
riments with a hydroponic system. Here, nutrient solution was recirculated in gullies to supply the tomato (cv. Peto, Hildares). PepMV was
detected with ELISA and P. aphanidermatum by microscopic observation. 

PepMV was spread via the nutrient solution from infected to healthy plant roots in all experiments. In the greenhouse experiments, the first
infection of healthy roots with PepMV was detected 2 and 3 weeks after inoculation, respectively. After 13 weeks of cultivation in the second
greenhouse experiment, roots were infected of 62 %, fruits of 43 %, young leaves of 35 %, and old leaves of 10 % of the tomato plants.
Within 2 weeks P. aphanidermatum infected all former healthy plants via the nutrient solution. When inoculating both pathogens, they did not
interact in the infection of healthy roots. Two pathogens rather reduced the infection compared to the treatment when inoculating with only
one pathogen, but not significantly. Neither the start of the infection nor the further infection during the cultivation period was delayed or acce-
lerated. 

Total yield of tomato infected with PepMV via the nutrient solution was reduced by 20 % compared with the untreated control. The yield
decrease represented 11 % when plants were infected with P. aphanidermatum. When the tomato plants were inoculated with both patho-
gens yield was diminished only by 7%.

P-927

Geographic distribution of genetic diversity of cowpea rhizobia in soil of Senegal
Krasova Wade Tatiana1, Ndoye Ibrahima2, Ndione Jacques-André3, Neyra Marc4

1 IRD, Dakar IRD, UR040, LCM LCM, Route des Hydraucarbures, BP 1386 18524 Dakar Dakar Senegal
2 Département de Biologie Végétale, Faculté des Sciences et Techniques, Laboratoire Commun de Microbiologie IRD/UCAD/ISRA, Centre de
Recherche de Bel Air, B. P. 1386, C.P. 18524 Dakar, Senegal 
3 Centre de Suivi Ecologique, Rue Léon Gontran Damas, Fann Résidence, Dakar, Sénégal
4 IRD, UMR 113 IRD/CIRAD/AGRO-M/UM2, USC INRA 1242,

Genetic diversity of indigenous cowpea rhizobia in the soils of Senegal was previously studied by PCR-RFLP and sequencing analyses of
16S-23S rDNA of nodules originating from sites stratified following rainfall gradient. The nodule collection was in the northern, the central,
and the southeastern climatically distinct regions during growing seasons in 1999, 2000 and 2001, respectively. Nineteen PCR-RFLP of 16S-
23S rDNA IGS types were distinguished. An apparent relationship between IGS type distribution and geographical zone was evidenced. The
same study was repeated four years after, in 2005, on three sites, each corresponded to one distinct region. The current study showed and
confirmed the correlation between the genetic distribution of the two IGS types and their geographic origins of nodulation. One IGS type for-
med the majority of nodules in the central and the southeastern zones, characterized by moderate and abundant rainfall. In contrast, ano-
ther IGS type nodulated mostly in the northern Senegal characterized by poor rainfall. Moreover, the genetic diversity was found more signi-
ficant in northern Senegal.

P-925
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The Methylobacterium nodulans / Crotalaria podocarpa symbiosis: a classic process for an original model
Renier Adeline1, Poinsot Véréna2, Rapior Sylvie3, Jourand Philippe1

1 IRD LSTM CIRAD TA 10/J - Campus International de Baillargue 34398 Montpellier France
2 Laboratoire des IMRCP, 118, route de Narbonne, 31062 Toulouse, France
3 Laboratoire de Botanique, Phytochimie et Mycologie, Faculté de Pharmacie, Université Montpellier 1, 15 avenue, Charles Flahault, 34093
Montpellier cedex 5, France

Some rare leguminous plants of the genus Crotalaria are specifically nodulated by the methylotrophic bacterium Methylobacterium nodulans
[1,2]. The main feature of this original symbiotic partner is its ability to oxidize methanol, a methylotrophic property based on the presence
of methanol dehydrogenase. Despite of a good knowledge of this property and its implication in symbiosis [3], nothing is known on the mole-
cular dialogue occurring between M. nodulans and C. podocarpa. The presence of nodA gene in M. nodulans ORS 2060 having been pre-
viously described [1], we expect to know if M. nodulans produces Nod factors, molecules considered as the major bacteria-to-plant signals
essential for the establishment of rhizobia-legume symbiosis [4].

Therefore, we checked the presence of other nod genes and identified a 7,13-kb XmaI fragment containing 9 nodulation genes
nodDABCUIJHQ. To understand the regulation of these nod genes, we used a strain ORS 2060 carrying nodA-LacZ fusion: this recombi-
nant strain provides a tool to determine the induction conditions on nod genes adapted to Methylobacterium. Thus, we show that, among a
number of selected flavonoids, the flavone apigenin acts as one of the best inducer of nod genes in the M. nodulans ORS 2060. 

Taken together, these results allowed us to produce and identify one major Nod factor structure as to be Nod Mn-V(C18:1,S) suggesting a
classic symbiosis model for M. nodulans / C. podocarpa association. 

[1] Sy A., E. Giraud, P. Jourand, N. Garcia, A. Willems, P. de Lajudie, Y. Prin, M. Neyra, M. Gillis, C. Masson-Boivin, and B. Dreyfus. 2001.
Journal of Bacteriology 183:214-220.
[2] Jourand P., E. Giraud, G. Béna, A. Sy, A., Willems, M. Gillis, B. Dreyfus, and P. de Lajudie. 2004. International Journal of Systematic and
Evolutionary Microbiology, 54:2269-2273.
[3] Jourand P., A. Renier, S. Rapior, S. Miana de Faria, Y. Prin, A. Galiana, E. Giraud, and B. Dreyfus. 2005. Molecular Plant-Microbes
Interactions, 18:1061:1068.
[4] Dénarié J., F. Debellé, and J.-C. Promé. 1996. Annuals Revue of Biochemistry, 65:503-535.
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Autoinducer mediated bacterial signalling in the rhizosphere
Hense Burkhard1, Kuttler Christina1, Müller Jonannes1, Rodenacker Karsten1, Rothballer Michael2, Hartmann Anton2, Kreft Jan-Ulrich3

1 GSF - National Research Center for Environment and IBB Ingolstaedter Landstr. 1 85774 Neuherberg/Munich Germany
2 GSF - Narional Research Center for Environment and Health, AMP
3 University Bonn, Theoretical Biology, IZMB

An increasing number of bacteria species, including rhizosphere bacteria, are known to perform autoinducer (AI) mediated signalling. This
signalling works by a continuous release of small amounts of diffusible AI molecules, e.g. AHL or oligopeptides. The cells respond to the envi-
ronmental concentration of these molecules by regulation of gene expression, including the AI synthesising enzymes (positive feedback). As
the extracellular AI concentration was found to depend on the cell density, AI sensing is interpreted as cell density measurement (quorum
sensing, QS). However, these results originate from well-mixed, homogeneous liquid cultures, whereas most rhizosphere bacteria live atta-
ched to structured surfaces. The rhizosphere presents a spatially highly heterogeneous environment, with an unknown number of different
potentially interfering pro- and eukaryotic species. These aspects hamper the measurement of cell density and make the working of QS in
the rhizosphere unclear. Additionally, QS suffers from problems of evolutionary stability due to its cooperative nature, which is under threat
from dishonest or cheating mutants. Therefore, the alternative diffusion sensing concept (DS) was developed, which regards AI sensing as
a mechanism by which single cells estimate diffusion limitation around them. We conducted experiments with Pseudomonas putida strains,
which produce or sense AHL, in wheat rhizosphere to understand AI signalling in complex environments. The experiment used CLSM image
stacks for a 3D analysis of AI signalling by image analyses. The results were analysed by mathematical modeling. Based on this, we pro-
pose a new concept, unifying QS and DS aspects, but additionally including information about cell distribution (aggregation). This efficiency
sensing (ES) concept regards AI sensing as a strategy, in which cells release small molecules as a proxy for testing the efficiency of relea-
sing costlier diffusible macromolecules such as exoenzymes, siderophores and antibiotics. Microcolonies, which grow as relatively dense
associations of bacteria descending from a single or a few ancestor cells, are the main places where ES occurs. Microcolonies allow ES to
work and persist in complex environments as an evolutionary stable strategy. ES constitutes a decision strategy of bacteria, based on inte-
grated information about cell density, cell distribution and diffusion limitation.

P-1046



RRhhiizz    sspphheerree 22

65

I n t e r n a t i o n a l  C o n f e r e n c e  M o n t p e l l i e r  -  F r a n c e  2 6 - 3 1  A u g u s t  2 0 0 7

Root exudates characterization involved in the interaction Zea mays-Azospirillum brasilense
Mendoza Alberto1, Torres Rodolfo1, Ordaz Cynthia2, Cruz Ma Antonia1, Fernandez Susana1

1 Centro de Biotecnologia Genomica Biotecnologia Vegetal Blvd. del Maestro/E. Pina 88710 Reynosa Tamaulipas Mexico
2 UAMRA-UAT. Reynosa, Tam., Mex.

Maize (Zea mays) has been one of the key elements in the Mexican diet since ancient times. However, it is known that the overexploitation
of soils and the use of chemical fertilizers are impoverishing the soils affecting crop production. An alternative to avoid the application of che-
mical fertilizers has been the use of plant growth promoting rhizobacteria (PGPR). Some benefits given by this kind of bacteria are due to
the stimulation of seed germination, root development, improved nutrient and water uptake, among others. Azospirillum brasilense is a PGPR
organism that is able to colonize the rhizosphere of cereals and grasses which are economically important, like maize. A. brasilense synthe-
sizes the auxin IAA (Indol Acetic Acid) which is a phytohormone that increases plant growth. There is information about the colonization pro-
cess of the maize rhizosphere by Azospirillum, but the knowledge of the signaling in this interaction remains scarce. In this work the root
exudates from two different varieties of maize were analyzed by TLC (Thin Layer Chromatography). The two varieties (a landrace and a
hybrid) were grown in a hydroponic system in order to extract the root exudates. The results showed a similar presence of organic com-
pounds in the root exudates of both varieties of maize, prevailing alkaloids, amines, phenols and steroids. However, there is a difference on
the composition of each compound. This difference might explain the specificity of bacteria-maize variety, as it has been shown previously
(Mendoza et al. 2003). 

On the other hand, the biosensor strain A. tumefaciens KYC55 was used to detect AHL (Acyl Homoserine lactone) with C6-C12 chains in
both varieties of maize. The AHL found in the root exudates of both varieties seems to be regulatory signs of diverse processes of interac-
tion microorganism-plants to level rizosphere (Bais, et al., 2006). Ongoing tests of chemotaxis and HPLC connected to the systems of spec-
troscopic RMN, E-IR and E-UV will determine the chemical structures of these molecules and with it, an insight of the process that takes part
in the interaction maize-Azospirillum brasilense.

Bais, H., Weir, T., Perry, L. Gilroy, S. y Vivanco, J. 2006. Annu. Rev. Plant Biol. 57:233–66
Mendoza, A., Cruz, A. Lugo, B. and Barrera, H. 2001. CIFN XX Anniversary 1981-2001. UNAM. México. p. 172-174.
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Molecular regulation of extracellular acid phosphatases secreted by ectomycorrhizal fungi under different
phosphorus concentrations
Louche Julien1, Sauvage François-Xavier2, Plassard Claude1

1 INRA Biogéochimie du Sol et de laRhizosphère 2, place Viala 34060 Montpellier France
2 UMR Science Pour l’Oenologie, INRA Montpellier

Mycorrhizal symbiosis has a beneficial effect on the host plant phosphorus nutrition. This effect is attributed, partly, to the release of fungal
phosphatases which will mineralise the organic phosphorus substrates. In spite of the importance of this phenomenon in P-deficient soils,
very few data are available on the mechanisms of regulation of enzyme synthesis under rhizosphere representative conditions. To get new
insights in this important biological question, we studied the molecular mechanisms of regulation of acid phosphatase synthesis from a model
ectomycorrhizal basidiomycete fungus, Hebeloma cylindrosporum, selected for its strong capacity of enzyme secretion in the culture
medium. 

The electrophoresis study of acid phosphatases secreted in the medium, whether P-deficient or not, made it possible to identify four iso-
forms, with two major forms. These two isoforms have an optimal pH near to 5 but a very weak phytase activity. Parallel to the biochemical
approach, a molecular approach based on the use of heterologous primers designed from the conserved sequences of fungal and bacterial
phosphatases made it possible to identify only one gene coding for an acid phosphatase of 51 kDa (388 amino acids). 

P deficiency strongly increased the activity of these isoforms and expression of the identified gene. An analysis by mass spectrometry of the
two major isoforms is being carried out in order to make correspondence between the protein to the identified gene. However, our results
show that the synthesis of acid phosphatase is controlled, at least partly, by a transcriptional mechanism. 

P-701

Acyl homoserine lactones inhibit nitrogen fixation by Pseudomonas sp. LR6A, a potential plant growth pro-
moting bacterium isolated from mangrove roots.
Villicaña Claudia1, Vazquez Roberto1, Mejia-Ruiz Humberto1, Olivares Fabio2, Holguin Gina1

1 CIBNOR Environmental Microbiology Mar Bermejo No. 195 23090 La Paz B,alifornia Sur Mexico
2 Universidad Estatal del Norte Fluminense Darcy Ribeiro UENF, Rio de Janeiro, Brazil

Mangrove covered areas in many regions of the world are disappearing at an alarming rate. The use of bacterial inoculants to promote the
growth of mangrove seedlings provides one promising strategy for mangrove reforestation programs. Because an understanding of bacte-
rial interactions mediated through signal molecules is essential for the design of inoculants with more than one strain, we decided to inves-
tigate whether PGPB, plant growth promoting bacteria, isolated from the roots of the mangroves Avicennia germinans and Laguncularia race-
mosa, produce acyl homoserine lactones (AHSLs), and if the synthesis of these molecules affects their plant growth promoting properties.
TLC and HPLC analysis of ethyl acetate extracts of culture supernatants revealed that the phosphate solubilizer and phytohormone produ-
cer Vibrio sp. AG1HC produces 4C-HSL and 6C-HSL in high and moderate amounts, respectively. We found that co-culture of the diazotroph
Pseudomonas sp. LR6A with Vibrio sp. AG1HC inhibited nitrogen fixation by the diazotroph LR6A. Co-culture of LR6A with AG1HC, trans-
formed with the lactonase gene from a Bacillus strain, restored nitrogen fixation by the diazotroph suggesting that synthesis of AHSLs is the
cause of the inhibition. Addition of both 4C-HSL and 6C-HSL to the LR6A culture also inhibited its nitrogen fixing activity. Study of the effects
of AHSLs on the protein profile of LR6A and on nifH expression is underway. This is the first report of inhibition of nitrogen fixation by AHSLs. 

P-917
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Acyl homoserine lactones produced by the potential plant growth promoting bacterium Vibrio sp. LR6HC, iso-
lated from mangrove roots, are involved in swarming
Davila-Lule Alfonso1, Mejia-Ruiz Humberto1, Vazquez Roberto1, Olivares Fabio2, Holguin Gina1

1 CIBNOR Environmental Microbiology Mar Bermejo No. 195 23090 La Paz Baja California Sur Mexico
2 Universidad Estatal del Norte Fluminense Darcy Ribeiro UENF, Rio de Janeiro, Brazil

Swarming is a form of active surface motility characterized by long and multinucleate, hyper flagellated cells that move over a semi-solid agar
surface in a coordinated manner. This motility behavior has been characterized mainly in pathogenic bacteria where important virulence
determinants are coupled to swarming differentiation. Swarming in the pathogenic bacterium Serratia liquefaciens is controlled by acyl homo-
serine lactones, AHSLs, which regulate the synthesis of a surfactant that allows surface translocation. Neither swarming by plant growth pro-
moting bacteria (PGPB) nor the role of AHSLs in swarming by PGPB, has been studied. TLC and HPLC analysis of ethyl acetate extracts
of culture supernatants of Vibrio sp. LR6HC, an inorganic phosphate solubilizer and phytohormone producer isolated from the roots of the
black mangrove Avicennia germinans, revealed that the strain produces 4C-HSL, 6C-HSL, and C8-HSL. To discover if AHLs produced by
Vibrio sp. LR6HC are involved in swarming, we introduced the lactonase gene (pDSKAIIA) from a Bacillus strain into LR6HC and compared
swarming of the exconjugants and wild type. Expression of the lactonase gene in Vibrio sp. LR6HC annulled production of AHLs by the bac-
terium, and prevented swarming of the cells on semi-solid medium. Scanning electron microscopy showed that the exconjugants were not
differentiated into elongated and hyper flagellated cells, and showed lower production of surfactants than the wild type. The significance of
these findings in relation to the ability of the bacteria to colonize the plants is unknown. This is the first report on the role of AHLs in swar-
ming of a potential PGPB.
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Cloning and expression of an extracellular esterase gene from the plant pathogen Streptomyces scabiei
Komeil Doa'a, Dionne Isabelle, Desrosiers Justine, Beaulieu Carole, Simao-Beaunoir Anne-Marie

Université de Sherbrooke Biologie 2500 boulevard de l'Université J1K 2R1 Sherbrooke Québec Canada

The plant pathogen Streptomyces scabiei produces a toxin called thaxtomin A that plays a role in pathogenicity. This toxin is produced when
S. scabiei strain EF35 grows in the presence of suberin. S. scabiei strain EF35 also exhibits extracellular esterase activity in the presence
of the lipidic polymer. We thus form as a hypothesis that this esterase is involved in pathogenicity by releasing molecules from suberin that
induce expression of the thaxtomin biosynthesis genes. An esterase induced in presence of suberin was isolated and purified from S. sca-
biei EF35 culture supernatant. The molecular mass of the enzyme was estimated to 36 kDa. Two internal amino acid sequences of the pro-
tein were determined. These oligopeptide sequences were searched into the whole translated genome sequence of S. scabiei strain 87.22.
All oligopeptide sequences matched in the same region of the genome. The analysis of the entire gene predicted a 942-bp open reading
frame encoding a protein of 314 amino acids and a putative 56- or 57-residue signal peptide. The entire deduced amino-acid sequence
appeared to be similar to the one of the esterase A from Streptomyces diastatochromogenes (53% positive). The esterase gene was loca-
ted 223 bp downstream from a gene encoding for a protein sharing homology with the esterase C of Loktanella vestfoldensis. S.scabiei EF35
estA gene was amplified by PCR using a high-fidelity Taq polymerase. The amplicon that was cloned into pCR2.1 showed 99.7% homology
with the esterase A gene of S. scabiei 87.22. High-level of heterologous expression and secretion were carried out in Streptomyces lividans
10-164 by cloning S.scabiei EF35 estA gene into pIAF 907-s.

P-819

Translocation of soil bacterial phytotoxin thaxtomin A leads to systemic activation of the plant antimicrobial
compound
Babana Amadou Hamadoun, El Oirdi Mohamed, Dayaaf Fouad, Bouarab Kamal, Beaulieu Carole

Université de Bamako Biologie Faculté des Sciences et Techniques BPE3206 Bamako Mali

Plants attract a variety of intruders, from viruses, bacteria and fungi to insects. To protect themselves, plants have an armoury of weapons
expressed constitutively or in response to a pathogen's presence, including the release of antimicrobial compounds. The phytoalexins are
inducible chemical defences produced de novo by plants in response to diverse forms of stress, including microbial attack and elicitors. We
show here a systemic activation of plant antimicrobial compounds by thaxtomin A, a bacterial phytotoxin produced by Streptomyces scabies
the causal agent of potato common scab. The activation is associated with the transport of the toxin throughout the plant. We also show a
modification of the phytotoxin as a resistance mechanism. This is, to our knowledge, the first report showing that a phytotoxin is systemically
transported and activates the accumulation of the antimicrobial phytoalexin compound. These findings may have important implications for
the understanding of plant-pathogen co-evolution and the development of phytoprotection measures.

P-652
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Citrinin, a secondary metabolite produced by Penicillium citrinum, plays a role in inducing motility of
Paenibacillus polymyxa
Park Soo-Young1, Kim Rumi1, Ryu Choong-Min1, Choi Soo-Keun1, Lee Choong-Hwan1, Kim Jong-Guk2, Park Seung-Hwan1

1 KRIBB Systems Microbiology Research Center P.O.Box 115, Yusong 305-600 Daejeon Korea
2 Kyungpook National University, Daegu, Korea

Paenibacillus polymyxa, a Gram-positive low-G+C spore-forming bacterium, is a soil bacterium belongs to the group of plant growth promo-
ting rhizobacteria and exhibits antagonizing ability against bacterial and/or fungal plant pathogens. We observed that the swarming motility
of P. polymyxa strain E681, isolated from the rhizosphere of winter barley, was greatly increased by adjacent growth of a fungal strain,
Penicillium citrinum KCTC6549. From a culture supernatant of the fungal strain which showed the same effect an active compound was puri-
fied and identified as citrinin by LC/MS analysis. On TSA plates containing citrinin the P. polymyxa E681 strain showed remarkably increa-
sed swarming motility. Microscopic observation of the P. polymyxa cells revealed that the expression of flagella was increased by citrinin dose
dependently, and this phenomenon was supported by RT-PCR data which showing increased transcription level of some genes related to
expression of flagella of P. polymyxa E681 in the presence of citrinin. The results presented here will provide an insight for understanding
ecological role of fungal mycotoxins besides their well-known toxicity to man and/or animals. That is, we found that a mycotoxin, citrinin, has
a newly identified function of inducing bacterial motility. 

Supported by the BioGreen 21 program, Rural Development Administration
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Phenotype variation of a rhizobacterium Paenibacillus polymyxa implicated in rhizosphere competence and
enhancement of cucumber root growth at low-temperature
Jeon Yong Ho, Ryu Choong-Min, Lee Soo Hyun, Cheong Hoon, Park Soo Young, Kim Jihyun F., Park Seung-Hwan

KRIBB Systems Microbiology Research Center P.O.Box 115, Yusong 305-600 Daejeon, Korea

Paenibacillus polymyxa strain E681 isolated from a winter barley root was reported as a promising plant growth-promoting rhizobacterium
(PGPR) and also as a biological control agent reducing incidence of disease caused by soil-borne pathogenic fungi. During comprehensive
study on the mechanism of biocontrol and plant growth promotion elicited by strain E681, it was found that at least two different colony types
appeared when the strain was grown on agar medium or in liquid medium at 30°C for 48 hours or more, and it was also found that the strain
E681 displayed phenotype variation, that is, 'opaque phase I colony' showing milky white color, round and bold shape, and shiny colony
underwent colony type variation into 'translucent phase II colony' showing translucent, round with a scalloped edge and flat shape, and not
shiny colony. The phenotypic change was similar to those of Gram-negative bacterial species. Re-identification of the two colony types using
16S rDNA sequencing and fatty-acid analysis revealed that translucent phase II colonies were not different from opaque phase I colonies.
Interestingly, the phase II colonies showed reduced capacities for root colonization, root elongation, and antagonism against a fungal plant
pathogen, Rhizoctonia solani. Further study indicated that phase II colonies lacked the capacity of root elongation in cucumber at 20°C but
not at 30°C. Our results obtained here showed that the phenotypic variation affected the biological activity of the phase I colony, therefore,
it was suggested that phenotype variation of the strain E681 should be carefully taken into account before field application of the PGPR. 

P-1123

Quorum sensing in rice rhizosphere Pseudomonas
Steindler Laura1, Bertani Iris1, Devescovi Giulia1, Bigirimana Joseph2, De Sordi Luisa1, Venturi Vittorio1

1  International Centre for Genetic Engineering & Biotechnology Bacteriology Group Padriciano 99 34012 Trieste, Italy
2 Plant Bacteriology Group, International Centre for Genetic Engineering & Biotechnology, Biosafety Outstation, Via Piovega 23, 31050 Ca' Tron di
Roncade, Treviso, Italy

Quorum sensing (QS) is a system of gene regulation that occurs via the production and response to signal molecules; the concentration of
the signal molecules increases alongside the bacterial population density and when it reaches a critical level, bacteria respond and modu-
late gene expression. In Gram-negative bacteria, a typical QS system usually involves the production and response to an acylated homose-
rine lactone (AHL). Few studies have associated AHL-dependent quorum sensing of rhizosphere Pseudomonas with the regulation of anti-
fungal compounds, biofilm formation and root colonization. It remains yet unclear how pivotal and conserved is AHL QS in Pseudomonas for
survival and competition in the rhizosphere. We therefore performed a systematic study to begin to answer these questions and utilized a
set of 54 rice rhizosphere Pseudomonas isolates and tested them for their ability to produce and respond to AHL signaling molecules. In
addition we isolated the QS genes in three different representative strains and analyzed the QS regulation of various phenotypes through
comparisons of wild type versus QS mutants.

Our results thus far demonstrate that (i) surprisingly approximately only 35% of the rhizosphere strains produce AHLs and have at least one
AHL QS system, (ii) AHL producers can be divided into two main groups according to the AHL production profile and conservation of the AHL
QS system, (iii) four AHL QS systems of three representative strains have been isolated and characterized, (iv) some isolates which do not
produce AHLs appear to have an orphan LuxR homologue, v) Root colonization is regulated by QS, but the specific type of regulation (posi-
tive/negative) is species specific. All these results are presented and discussed.

P-1278

Session 3 - Molecular communication and adaptation



RRhhiizz    sspphheerree 22
Session 3 - Molecular communication and adaptation

I n t e r n a t i o n a l  C o n f e r e n c e  M o n t p e l l i e r  -  F r a n c e  2 6 - 3 1  A u g u s t  2 0 0 7

68


