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The “maize white spot” foliar disease is a problem of increasing importance to Brazilian maize crops.
A bacterium isolated from water-soaked lesions from infected maize leaves was pathogenic in
biological assays in vivo. It was identified as a Gram-negative, nonsporulating, facultative anaerobic
bacterium, belonging to the genus Pantoea. Chemical study of the extracts from bacterial cultivation
media allowed the identification of (S)-(—)-N-butanoyl-homoserine lactone and trace amounts of
N-hexanoyl-homoserine lactone, widely recognized quorum-sensing signaling substances employed
in cell-to-cell communication systems. The absolute configuration of natural (S)-(—)-N-butanoyl-
homoserine lactone was determined by gas chromatography—flame ionization detection with a chiral
stationary phase and by comparison of circular dichroism spectroscopic data with enantiopure synthetic
substances. Biological evaluations with reporter Agrobacterium tumefaciens NTL4(pZLR4) were carried
out with synthetic and natural products and also with extracts from maize leaves contaminated with
the isolated bacterium, as well as from healthy leaves.
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INTRODUCTION it is well-established that many species of fmvinia alliance

and other Gram-negative bacteria exploit chemical communica-
| tion mechanisms known as quorum-sensing, employing mainly
acyl-homoserine lactones as signaling substar@es(several

Maize Zea mayd.innaeus) is one of the most important crops
in Brazilian agriculture. However, this crop is affected by several
insect plagues and fungal and bacterial diseases. Among them - ) :
the “maize white spot” foliar disease has emerged as an baqtenal species, the quorum-sensing phenomenon was de-
outstanding drawback for its cultivation in recent years in Brazil. SC¢"ibéd and proved to be important for bacterial survival and
The disease appeared in the country in the 1980s and has nownost infection, since the expression of many virulence pheno-
spread over practically all of the countryl)( The initial types can be under quorum-sensing control (6—8).
symptoms of the disease are water-soaked lesions on the leaves, The production of acyl-homoserine lactones was reported in
which become necrotic and straw-colored and can spread toa strain ofP. ananatissolated from pineapple, which produces
the entire leaf surface in advanced cas®s4). A production (9-(—)-N-hexanoyl-homoserine lactorié;heptanoyl-homoserine
loss of 63% was reported in a nonresistant maize variety, andlactone, and\N-octanoyl-homoserine lacton@)( A signaling
the severity increases in rainy and cold seas@js ( substance is also produced By stewartii Smith, responsible

Initially, the disease was attributed Rhaeosphaeria maydis ~ for “Stewart’s disease” of maize, characterized by necrotic
Henn fungus, whose filamentous structures were detected inlesions in leaves1Q). Biological investigations with mutants
advanced lesions (4). However, an accurate phytopathologicalrevealed thalP. stewartiiemploys signaling substances to control
investigation revealed that the initial leaf colonizer is a Gram- the expression of many important phenotypic factors related to
negative bacterium, without the presence of fungal structuresvirulence and host attack, including the production of an
in young lesionsZ). The bacterium was identified &antoea exopolysaccharide, which protects bacterial cells from host
ananatisSerrano using conventional biochemical assays and defense mechanisms and also obstructs fluid circulation in
morphological studies for strain identification. Most probably, leaves, causing necrosis. Mutants Bf stewartii unable to
fungal colonization followed the initial bacterial attack (2). produce acyl-homoserine lactones displayed a dramatically

The Pantoeagenus encompasses phytopathogenic bacteriareduced pathogenic activity against maize leaves, which was
and was previously part of tHerwinia genus (5). Nowadays, restored by addition of synthetic acyl-homoserine lactof6 (
This exemplifies the great importance of quorum-sensing in
*To whom correspondence should be addressed. Fel:55 19 phytopathogenic bacteria.
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of a bacterium from young lesions in leaves and also infer the nized as susceptible to the “maize white spot” disease. Seeds were sown
production of acyl-homoserine lactones by this strain, including in pots, totaling three plants per pot, and kept in a greenhouse for 35
the absolute configuration determination of the major identified days. For bacterial inoculum, the bacterifantoeasp. CBMAI 732
acyl-homoserine lactone. Bioassays with specific repdttgo- was cultivated in TSB medium at 3€ for 12 h. Then, 1 mL of this
bacterium tumefacier8mith & Townsend NTL4(pZLR4) using preinoculum was transferred to 100 mL of TSB medium and incubated

. .__under shaking for 4 h. Immediately before inoculation, the inoculum
synthetic and ”a“%ra' products.and also extrgcts from maize, s adjusted to F&fu/mL by absorbance at 700 ni# (L3). The maize
leaves artificially inoculated with the bacterium were also

leaves were softly damaged with a sponge, and then, the bacterial

performed. suspension was sprayed. For the control test, sterile water was sprayed
on damaged leaves. Inoculated plants were placed in a moist chamber

MATERIALS AND METHODS for 72 h at room temperature. Then, the vases were maintained in the
General Experimental ProceduresFourier-transform infrared (FT- greenhouse, remaining there for 144 h. After this time, the leaves were

IR) spectra were obtained with a Bomem MB Michelson spectrometer examined for the presence of white spots, characteristic of the disease.
using KBr (Merck, Darmstadt, Germany) as sample support. NMR NO SPots were observed with the control plants.

spectroscopic data were acquired with a Varian Inova spectrometer, nfection Assays in Microhumidity Chamber. Thirty-five day old
operating at 499.88 MHz fdH NMR and 125.71 MHz fof*C NMR maize leaves variety BR HS200 were softly injured with a sponge and
or alternatively with a Varian Gemini spectrometer, operating at 300.06 attached to an acrylic microhumidity chamber (14). A bacterial
MHz for *H NMR and 75.45 MHz fo3C NMR. CDCk was used as  Suspension in sterile saline solution {bu/mL) was pipetted (1 drop)
solvent and TMS was used as internal referenge gid dc 0.0). into the orifices. A blank was performed with saline solution. After
Chemical shiftsy were recorded in ppm, and coupling constahigere 72 h of incubation at room temperature, the acrylic chamber was
recorded in Hertz (Hz). Optical rotations were measured with a Perkin- rémoved and the symptoms were evaluated. Positive activities, char-
Elmer 341 polarimeter. Absorbance measurements were carried out onActerized as white necrotic regions, were observed in bacterial inocula-
a Pharmacia-Biotech Ultraspec 2000 spectrophotometer. Silica gel for tions. No activity was observed in control assays.

column chromatography (0.03%.070 mm) was from Merck. Thin- Detection of Acyl-Homoserine LactonesThe strainPantoeasp.

layer chromatography analyses were made on silica geb&(Rtes CBMAI 732 was grown in a test tube containing liquid NB medium
(Merck) and visualized under exposure to UV light (254 nm) or by (10 mL), incubated at 28C for 24 h, and then transferred to NB
spraying with a solution of acidip-anisaldehyde, followed by air ~ Medium (1 L) to be incubated at Z& under shaking at 150 rpm.
heating. After 24 h, the culture medium was centrifuged at 4¢7@& 20 min,

Gas Chromatography—Mass Spectrometry (GC-MS) Analyses. under refrigeration (5C). The aqueous medium was extracted with
GC-MS analyses were carried out with an Hewlett-Packard (HP) 6890/ €thyl acetate (3« 500 mL). The combined organic phases (1.5 L) were
5973 instrument, equipped with a 300.25 mm i.d., 0.25m HP5 washed with distilled water (X 500 mL), dried over anhydrous sodium
fused silica capillary column. Mass spectra were recorded oventhe ~ Sulfate, and evaporated to dryness under reduced pressure°@t 50
40-450 range at 3.54 scans/s, with an ionization energy of 70 ev. This procedure yielded a crude extract (0.228 g), which was first
Helium was the carrier gas at a flow rate of 1 mL/min. The injector Seéparated by flash column chromatography (2 g silica gel; column
temperature was maintained at 28D. The initial oven temperature ~ diameter, 1 cm), eluted with hexane (50 mL), ethyl acetate (50 mL),
was 100°C, increased at 18C/min to 290°C, and then held for 10 min. ~ @nd methanol (50 mL). The ethyl acetate fraction (26.4 mg) was assayed
Samples of L (1 mg/mL in ethyl acetate) were injected in the splitless ~ With reporterA. tumefacien®dTL(pZLR4) in a-galactosidase assay,

mode. providing positive biological activityd). This active fraction was then
Chiral GC—Flame lonization Detection (FID) Analyses. Chiral purified by silica gel (6.5 g; column diameter, 2 cm) column

GC analyses were carried out with an HP 6890 instrument with FID, chromatography eluted with solvents hexane, dichloromethane, ethyl

equipped with a 25 nx 0.25 mm i.d., 0.2%m, chiral capillary column acetate, and methanol in increasing polarity. Fractions were combined

heptakis(2,3-dimethyl-6-pentyl)-3-cyclodextrin (Universidade Federal ON the basis of similarity of thin-layer chromatography profiles of main
de Santa Maria, Santa Maria, Brazil). The column consisted of a mixture SPOtS and analyzed by GC-MS. Two acyl-homoserine lactones were
of 20% of chiral phase and 80% of OV1701. The initial oven identified:
temperature was 50C, increased at 2C/min to 180°C, and then (S)-(-)-N-Butanoyl-homoserine Lactonéield, 1.1 mg. GC-MS (El,
held for 5 min. Hydrogen was the carrier gas at a flow rate of 1 mL/ 70 €V)m/z: 171 (M, 5), 143 (91), 125 (9), 102 (6), 101 (9), 100 (9),
min. The injector and detector (FID) temperatures were kept at 220 85 (13), 71 (60), 57 (90), 43 (100)H NMR (499.88 MHz, CDC,
and 240°C, respectively. Samples ofid (1 mg/mL in ethyl acetate) ~ TMS): 01 0.97 (t, 3,0 = 7.3 Hz, H-4"), 1.61 (m, impurity, H-3 2.12
were injected, with a 1:200 split ratio. (m, 1, H-4), 2.24 (t, 2) = 7.3 Hz, H-2), 2.88 (m, 1, H-4), 4.30 (ddd,
Bacterial Strains and Cultivation Media. Indicator strainA. 1,J=5.9;11.4 and 9.1 Hz, H-5), 4.48 (t, 1,= 8.9 Hz, H-5), 4.54
tumefaciensNTL4(pZLR4) was built by Cha and co-workers1). It (ddd, 1,0=5.9; 8.8 and 11.7 Hz, H-3), 5.94 (broad s, NH). For circular
was provided for us by Dr. Welington L. Aratjo (Universidade de Sa  dichroism (CD) spectrum, se&gure 2.
Paulo, Brazil) and maintained in LuriéBertani (LB) medium supple- N-Hexanoyl-homoserine Lactorigace amounts in complex mixture.
mented with gentamicin (50g/mL). Nutrient broth (NB) medium (20 ~ GC-MS (El, 70 eV, SIM)m/z: 199 (M, 3), 156 (12), 143 (100), 102
g/L) was from Oxoid (Hampshire, England). LB medium was composed (12), 101 (15), 100 (9), 99 (22), 71 (19), 57 (32), 43 (31).
of 1% peptone (Oxoid), 0.5% NaCl, and 0.5% yeast extract (Oxoid).  Acyl-homoserine Lactones Synthesedhe substances were syn-
Solid medium was prepared with 2% agar (Oxoid). Trypticase soy broth thesized as previously described (15).

(TSB) medium was prepared as previously descrit®d X-Gal (5- (£)-N-Hexanoyl-homoserine Lacton¥ield, 54%. GC-MS (El, 70
bromo-4-chloro-3-indoly}3-p-galactopyranoside) was purchased from €V) data were similar to the natural product. MR, and*C NMR
Sigma (Aldrich Chemical Co., Milwaukee, WI). data were consistent with those previously reportedL6j,

Isolation and Identification of the Bacterium from Young (£)-N-Butanoyl-homoserine Lacton¥ield, 19%. GC-MS (El, 70

Lesions.Infected maize leaves were collected at the Experimental Farm eV) data were similar to the natural product. iR}, and**C NMR

of the State University of Londrina (Londrina, Parana State, Brazil) in data were consistent with those previously reportedL6j,

December 2003. The bacterial strain was isolated as previously (S)-(-)-Butanoyl-homoserine Lactonéield, 19%. GC-MS*C and
described 2). Strain identification was carried out by phylogenetic *H NMR, DEPT-135, and DEPT-90 data were identical to those
analyses of sequences from 16S rDNA fragments, according to well- obtained for the racemic compound. {8 —23.68°(c 0.38 MeOH).
established procedures (12). The strain was deposited at the BrazilianFor CD spectrum, seEigure 2.

Collection of Microorganisms from Environment and Industry (CPQBA, (R)-(H)-Butanoyl-homoserine Lactonéield, 19%. GC-MS}*C and
UNICAMP, Brazil) under the cod®antoeasp. CBMAI 732. IH NMR, DEPT-135, and DEPT-90 data were identical to those
Infection Assays Using Maize Leaves in a Greenhous®atho- obtained for the racemic compound]{?° + 20.48°(c 0.38 MeOH).

genicity assays were carried out with maize variety BR HS200, recog- For CD spectrum, seEigure 2.



1202 J. Agric. Food Chem., Vol. 55, No. 4, 2007 Pomini et al.

Preparation of Maize Leaf Extracts for Biological Assays.One o} 0 ol
maize leaf artificially infected with the strafPantoeasp. CBMAI 732 /\)}\ 5 5 , o
exhibiting necrotic lesions (cultivated in the greenhouse, BR HS200 v ' ™Sy 2
variety, described above) was pricked and extracted with ethyl acetate.” ’ § ¢ z H
The suspension was filtered, and the solvent was evaporated under . ; . ©

(S)-N-butanoyl-homoserine lactone N-hexanoyl-homoserine lactone

reduced pressure. The crude extract obtained was filtered through a
silica gel column (2.0 g, 50 mL of ethyl acetate; column diameter, 1 Figure 1. Acyl-homoserine lactones produced by Pantoea sp. CBMAI

cm). The same procedure was applied to obtain a healthy leaf extract732.

as the control. Maize leaves ( 100 days old) were also collected from

the cultivation field at EMBRAPA (Londrina, Parana, Brazil) in March  the plant leaves, causing white lesions characteristic of the
2005. Leaves were collected from infected plants exhibiting necrosis, disease. Inoculation experiments were performed using green-
from infected plants t_)ut W|th9ut necrosis, a_nd from healtr_ly leaves from house conditions or employing a microhumidity chamber. The
Eityl acetate exracts were obtained and treated as described for PYIOPaINOgenic activity of the strain stimulated a chemica
leaves collected from greenhouse plants. Stock solutions of the extractsSFUdy _toward the identification of p.OSS'ble quorum-sensing
were prepared in ethanol and employed in qualitative biological assayss'gna“ng substances produced by this bacterium.

with reporterA. tumefaciend TL4(pZLR4). The tests were performed Itis now well-established that many bacterial species exploit

in duplicate. intercellular communication mechanisms to regulate the expres-
Qualitative Bioassays of Extracts, Fractions, and Synthetic sion of a range of phenotypic factors, such as enzymes,

Compounds with Reporter A. tumefaciensNTL4(pZLR4). p-Ga- exopolysaccharides, secondary metabolites, and other virulence-

lactosidase expression/induction activities of the synthetic products, important characters. The communication mechanism is based

ethyl acetate extract, and fractions frétantoeasp. CBMAI 732 strain on the production of signaling substances, whose extracellular

cultivation medium and extracts from maize leaves were evaluated with : : ;

reporterA. tumefacienSITLA4(pZLR4) as previously described,(15). concentrations are _related to _the popuIann densn_y. Once a
threshold concentration of the signal is reached (meaning a dense

The tests were performed using solutions (20 of each synthetic ial lati he si i . i
product [&)-N-hexanoyl-homoserine lactoneS){(—)-N-butanoyl- bacterial population), the signaling substances bind to specific

homoserine lactone, and-)-N-butanoyl-homoserine lactone], the silica  '€Ceptor proteins, and this complex regulates the expression of
gel-filtered ethyl acetate extract from bacterial cultivation medium and many genest). Such orchestrated, multicellular behavior allows
the fraction containing naturaj-(—)-N-butanoyl-homoserine lactone  the whole population to act coordinately, being an important
in ethanol (2 mg/mL), and with solutions (2Q) of extracts from maize evolutionary artifice for the host invasion process8).(In
leaves in ethanol (10 mg/mL). The blanks were performed with ethanol Gram-negative bacteria, the acyl-homoserine lactones are the
(20 uL) and with silica gel-filtered ethyl acetate extract from nutrient  majn signaling substances.
Egﬁgvéo;rogdgggs(;'ﬁguI:Zﬂse?lgior? ifvi\;ecrjbgﬁ;:g;g%f:ggt for Initially, extracts from bacterial cultivation media were
assayed with reportek. tumefacien®NTL4(pZLR4) (11). This

was performed in duplicate. ] . . .
N-Butanoyl-homoserine Lactone Absolute Configuration Deter- mutant is unable to produce its own acyl-homoserine lactone;

mination by GC-FID with Chiral Column [Heptakis(2,3-dimethyl- _however, it can Qetect exogenous signaling substances present
6-pentyl)-B-cyclodextrin]. The analytical conditions for the enantio-  IN extracts, fractions, or synthetic products. Exogenous acyl-
meric discrimination were established using synthetiil-butanoyl- homoserine lactones bind to the TraR receptor protein, and this

homoserine lactone (two peaks in an approximately 1:1 ratio), according complex regulates the expression of an operon, which contains
to the conditions described above. The identification of R @and the lacZ gene. Expression dacZ generates @-galactosidase
(9-N-butanoyl-homoserine lactone retention times (50.79 and 50.95 min, enzyme, which metabolizes the added X-Gal reagent, generating
respectively) was performed by analysis of synthetic (S)-(—)-N- ap jndigo derivative (11). Thus, a blue-green coloration is
butanoyl-homoserine lactone (51.01 min). The absolute configuration obtained in the presence of an active substance, while blank

of the natural product was determined by comparison of the retention controls present the coloration characteristic of the cultivation
times and relative abundances of the (R)- and (S)-(—)-N-butanoyl- P : ISt uttivatl

homoserine lactone in the synthetic racemic standard, in the natural m_ed'a (pale yellow). Positive biological aCt'V't'e_S W_ere Observed
product and in both samples coinjected. with extracts fromPantoeasp. CBMAI 732 cultivation media,
CD. CD curves were obtained with a Jasco 720 spectropolarimeter, therefore stimulating a more detailed chemical study.
using a 0.1 cm length cell. Samples were dissolved in methanol HPLC ~ The purification of ethyl acetate extract from bacterial
grade (Merck) at a concentration of 1 mg/mL. The spectroscopic range cultivation media allowed the isolation df-butanoyl-homo-
was 205—250 nm. Met_h_a_nol was used as blank. The curves repres_engerine lactone and the detection of trace amouritsluxanoyl-
an average of 16.ach|S|t|ons, at a scanning speed of 50 nm/min with y 5 oserine lactone in a complex mixturBigure 1). The
0.2 nm of resolution. metabolites were identified by mass spectra comparison and
coinjection in GC-MS with synthetic standards and, in the case
RESULTS AND DISCUSSION of N-butanoyl-homoserine lactone, also ¥y NMR spectral
The importance of the maize white spot foliar disease in data comparison with synthetic standard and literature d&fa (
Brazilian maize crops has stimulated studies toward the correctAll synthetic products and naturaN-butanoyl-homoserine
identification of the etiological agent and to understand the lactone provided positive biological activities with reporéer
infection mechanisms. Among several bacterial strains isolated tumefacienNTL4(pZLR4), corroborating the previous results
from the maize white spot disease, one was particularly obtained withPantoeasp. extracts.
aggressive and displayed fast growth in vitro, in comparison  The absolute configuration of natutdlbutanoyl-homoserine
with other isolated strains, and was selected for the present studylactone was initially determined by GC-FID, using a chiral
The phylogenetic analysis based on 16S rDNA sequencescolumn (9, 15). Analysis of the synthetic racemic mixture
showed a similarity of 9697% with the specie®. ananatis allowed the identification of theR) and §) peaks, eluting at
and 97—98% withPantoea agglomeranswing & Fife. These 50.79 and 50.95 min, respectively. The retention time of the
species are closely related, and their differentiation is difficult (S enantiomer was determined by analysis of synthefe (
(17). In vivo leaf inoculation experiments with a susceptible (—)-N-butanoyl-homoserine lactone (51.01 min). Analysis of
maize variety demonstrated that this strain was able to colonizethe natural product with the same conditions displayed a signal
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successful host defens24)). This phenomenon could also be
responsible for the positive response observed in the biological
assays with healthy maize plant extracts. In spite of the efforts
in this field by many groups, the chemical characterization of
these agonists has not been achieved up to now, probably due
to the very small amounts present in the plar2s, 4).

In conclusion, it was demonstrated here that the strain
Pantoeasp. CBMAI 732 produces short chain acyl-homoserine
lactones, similar to other species of thevinia alliance (7,9,

10, 15). This is the first report on the occurrence 8)+—)-
N-butanoyl-homoserine lactone in tRantoeagenus. Efforts
are now being focused on investigating whether these substances
E——— play any role during the transition d?antoeasp. from the
210 220 230 240 250 epiphytic to the pathogenic stage.
Wavelength (nm)
Figure 2. Circular dichroism curves for N-butanoyl-homoserine lactone

[(S) synthetic enantiomer, @; (S) natural product, 4; and (R) synthetic We are indebted to Professor Carol H. Collins (IQ/UNICAMP)
enantiomer, M]. for reading the manuscript.

ACKNOWLEDGMENT

with retention time (50.90 min) very close to that of the synthetic
(S) enantiomer. TheS) absolute configuration was confirmed LITERATURE CITED
by the relative abundance increment of the signal corresponding

to the (S) enantiomer after coinjecting the natural product with (1) Fernandes, F. T.; Oliveira, E. Principais do@naa cultura do

milho. Embrapa—Circular Tenica 26; Embrapa: Sete Lagoas,

the synthetic racemic mixture. In addition, CD analyses of the MG, Brazil, 1997.

natural product and the synthetic enantiomers confirmed without  (2) paccola-Meirelles, L. D.; Ferreira, A. S.; Meirelles, W. F.;
doubt the absolute configuration of naturg)-(—)-N-butanoyl- Marriel, I. E.; Casela, C. R. Detection of a bacterium associated
homoserine lactone~{gure 2). Both the natural product and with a leaf spot disease of maize in BraZil Phytopathol2001,

the synthetic §) enantiomer displayed a positive Cotton effect 149, 275-279.

between 215 and 240 nm, while the (R) enantiomer provided a (3) Pinto, N. F. J. A. Prod@o de picnidios ‘in vivo’ e ‘in vitro’
negative Cotton effect in this range. em folhas de milho tratadas com fungiciéf#opatol. Bras.1995,

20, 333.

(4) Fantin, G. M. Mancha de Phaeosphaeria, daatw milho que
vem aumentando sua importandgologico 1994,56, 39.

(5) Hauben, L.; Moore, E. R.; Vauterin, L.; Steenackers, M.;

The reporteA. tumefaciendlTL4(pZLR4) can detect several
different acyl-homoserine lactones and mimic compounds,
especially those with acyl side chains ranging from hexanoyl

to decanoyl, with or without 3-oxo and 3-hydroxy substituents. Mergaert, J.; Verdonck, L.; Swings, J. Phylogenetic position of
The short chairN-butanoyl-homoserine lactone is not easily phytopathogens within the Enterobacteriacegygst. Appl. Mi-
detected by this reporter in the usual thin-layer chromatography crobiol. 1998,21, 354—397.

protocol (11,20). However, the test tube methodology applied  (6) Whitehead, N. A.; Barnard, A. M.; Slater, H.; Simpson, N. J.
here allowed the biodetection of this substance at the microgram L; Salmond, G. P. C. Quorum-sensing in Gram-negative
level. bacteria.FEMS Microbiol. Re»2001,25, 365—404.

(7) Bainton, N. J.; Stead, P.; Chhabra, S. R.; Bucroft, B. W.;
Salmond, G. P.; Stewart, G. S.; Williams, P. Nk(3-Oxohex-
anoyl)-L-homoserine lactone regulates carbapenem antibiotic
production inErwinia carotaora. Biochem. J1992 288 997—

Nowadays, it is recognized that bacterial signaling substances
or mimic compounds can occur in hosts in vi&1(22). In the
present work, the biological activities of maize leaves extracts

obtained from healthy and diseased plants cultivated in the 1004.

greenhouse and in the field were evaluated with repokter (8) Pearson, J. P.; Gray, K. M.; Passador, L.; Tucker, K. D.;
tumefaciendNTL4(pZLR4), and all extracts provided positive Eberhard, A.; Iglewski, B. H.; Greenberg, E. P. Structure of the
biological activity. The presence of acyl-homoserine lactones autoinducer required for expression of Pseudomonas aeruginosa
producing epiphytic/endophytic microorganisms could explain virulence genesProc. Natl. Acad. Sci. U.S.A994,91, 197~

the reporter activation by extracts from healthy leaves. Recently, 201. B o

we have observed the epiphytic behaviorRentoeasp. on (9) Pomini, A. M.; Aradjo, W. L.; Marsaioli, A. J. Structural

elucidation and biological activity of acyl-homoserine lactones

maize leaves and also the low disease incidence when the from the phytopathogelPantoea ananatisSerrano 1928..

superficial bacterial density is lov28). In fact, the disease only Chem. Ecol2006.32. 1769—1778.
appeared after an increase in the bacterial density, and we are (10) Bodman, S. B. V ’Farrand, S. K. Capsular polysaccharide
presently investigating if this behavior is under quorum-sensing biosynthesis and pathogenicity in Erwinia stewartii require
control by the acyl-homoserine lactones described. induction by an N-acylhomoserine lactone autoinduckr.
Several plants, such as pea, rice, lettuce, soy, and tomato can Bacteriol. 1995,177, 5000—5008.
produce mimic compounds (acyl-homoserine lactones agonists (11) Cha, C.; Gao, P.; Chen, Y.-C.; Shaw, P. D.; Farrand, S. K.
or antagonists), which activate or repress the expression of Production of acyl-homoserine lactone quorum-sensing signals
quorum-sensing controlled phenotypes in different bacterial Fg’tg;"z‘:rt“'lg%%atl"ie i’f‘lngfiigg'ated bactevial. Plant-Microbe
reporters (21). Thereforg, plants cpuld interfere in the chemlcgl (12) Maidak, B. L.’; C’ole, 3. R.: Lilburn, T. G.: Parker, C. T.. Jr.
communication mechanisms exploited by potentially pathogenic Saxman, P. R.: Farris, R. J.; Garrity, G. M.; Olsen, G. J.; Schmidt
bacteria. It is an interesting defense strategy, since the production T. M. Ti’edje, 3. M. The RDP-II (Ri’bosom’al Database ’Project).’
of mimic signaling substances by the plant could prematurely Nucleic Acids Re<2001,29, 173—174.
induce the expression of virulence factors by bacteria before a (13) Barker, K At the Bench: A Laboratory Négator; Cold Spring
high population density is reached, improving the chances of Harbor Laboratory Press: Woodbury, NY, 1998.



1204

(14)

(15)

(16)

an

(18)

(19)

(20)

J. Agric. Food Chem., Vol. 55, No. 4, 2007

Haynes, K. F.; Millar, J. GMethods in Chemical Ecology
Bioassay Methods; Chapman and Hall: London, 1998; Vol. 2,
p 153.

Pomini, A. M.; Manfio, G. P.; Aradjo, W. L.; Marsaioli, A. J.
Acyl-homoserine lactones from Erwinia psidii IBSBF 43%
guava phytopathogerPéidium guajaa L.). J. Agric. Food
Chem.2005,53, 6262—6265.

Lao, W.; Kjelleberg, S.; Kumar, N.; Denys, R.; Read, R. W.;
Steinberg, P3C NMR study of N-acyl-S-homoserine lactone
derivatives.Magn. Reson. Cheni999,37, 157—158.

Gitaitis, R. D.; Walcott, R. R.; Castro, A. C.; Sanders, F. H.,
Jr.; Diaz-Perez, J. C. Natural infestation of onion seeBéytoea
ananatis, causal agent of center dtant Dis.2002,86, 106—

111.

Fuqua, C.; Greenberg, E. P. Self perception in bacteria: Quorum
sensing with acylated homoserine lactor@srr. Opin. Micro-

biol. 1998,1, 183—189.

Chhabra, S. R.; Stead, P.; Bainton, N. J.; Salmond, G. P. C;
Stewart, G. S. A. B.; Williams, P.; Bycroft, B. W. Autoregulation
of carbapenem biosynthesis in Erwinia carotovora by analogues
of N-(3-oxohexanoyl)-L-homoserine lactonk.Antibiot. 1993,

46, 441—454.

Zhu, J.; Beaber, J. W.; More, M. |.; Fuqua, C.; Eberhard, A;
Winans, S. C. Analogs of the autoinducer 3-oxooctanoyl-
homoserine lactone strongly inhibit activity of the TraR protein
of Agrobacterium tumefaciend. Bacteriol.1998,180, 5398—
5405.

Pomini et al.

(21) Teplitski, M.; Robinson, J. B.; Bauer, W. D. Plants secrete
substances that mimic bacterial N-acyl-homoserine lactone signal
activities and affect population density-dependent behaviors in
associated bacteri®lol. Plant-Microbe Interact2000,13, 637—
648.

Venturi, V.; Venuti, C.; Devescovi, G.; Lucchese, C.; Friscina,

A.; Degrassi, G.; Aguilar, C.; Mazzuchi, U. The plant pathogen

Erwinia amylovora produces acyl-homoserine lactone signal

molecules in vitro and in plant&EMS Microbiol. Lett.2004,

241, 179—183.

(23) Wysmierski, P. T.; Real, K.; Marques, V. O.; Paccola-Meirelles,
L. D. Pantoea ananatis: Monitoramento da PopiaadcE piftica
Sobre Folhas de Milho e /aliacdo de Méodos Atrtificiais de
Inoculago de Isolados Obtidos de Les®da Mancha Branca
do Milho; Anais do XXVI Congresso Nacional de Milho e
Sorgo: Belo Horizonte-MG, 2006; 5 pp.

(24) Gao, M.; Mathesius, U. Plant responses to bacterial quorum-
sensing signalsCurr. Opin. Plant Biol.2004,7, 429—433.

(22

~

Received for review October 31, 2006. Revised manuscript received
December 13, 2006. Accepted December 22, 2006. We are indebted to
Fapesp for financial support and scholarships to A.M.P. (Processes 03/
09357-7 and 05/02934-4).

JFO063136A



