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Abstract 

Several epiphytic bacteria were isolated from apple and pear trees at three places in Australia and 
classified as the novel species Erwinia tasmaniensis by microbiological data and DNA/DNA 
hybridization assays as well as nucleotide sequence analyses of several house keeping genes. They are 
non-pathogenic for apple and pear, produce levan from sucrose and can induce a hypersensitive response 
(HR) on leaves of non-host plants. Taxonomically different strains, classified as Erwinia billingiae, were 
isolated in England, and were assayed similarly as E. tasmaniensis. Most of the investigated plant-
associated bacteria produced the autoinducer AI-2. A Vibrio harveyi mutant was used as a sensor for 
induction of bioluminescence by culture supernatants of the epiphytic bacteria. E. billingiae additionally 
produced an acyl-homoserine lactone (AHL, AI-1), which was monitored by complementation of a 
Chromobacter violaceum mutant for pigment secretion. When slices of immature pears were soaked with 
E. billingiae or E. tasmaniensis the bacteria interfered with the growth of E. amylovora for formation of 
ooze and necrotic symptoms. When inoculated in excess to E. amylovora into apple flowers, the 
pathogen propagation was strongly reduced. First trials in an experimental orchard confirmed their 
ability to prevent symptom formation of fire blight in blossoms of apple trees to a significant extent.  

Introduction 

The causative agent of fire blight affecting apple and pear trees is Erwinia amylovora. In short distances, 
the disease is predominantly distributed via bees and other insects visiting flowers. The low numbers of 
inoculum need appropriate conditions for efficient multiplication of the pathogen within a short time. 
Asian pear blight of pears in Korea and Japan is caused by bacteria of the related species Erwinia 
pyrifoliae. Strains of these species have been differentiated mainly by PFGE analysis (Jock and Geider 
2004). Fire blight and other bacterial diseases can be controlled by application of antibiotics. 
Streptomycin (Sm) has been the compound of choice for a long time to spray flowers in orchards, when 
the weather forecast has suggested a high risk of fire blight outbreaks. Repeated applications increased 
occurrence of Sm-resistant strains either by selection for a spontaneous chromosomal mutation or by 
selection for a transposon encoding low resistance against Sm (Jones and Schnabel 2000). In countries 
with a high level of Sm-resistant strains other antibiotics were applied with some success such as oxy-
tetracycline and oxolinic acid (Kleitman et al. 2005). Nevertheless, an increasing concern about 
application of antibiotics in orchards led to restriction for its use especially in European countries. 
Alternative methods for control of fire blight have been widely proposed such as spraying other 
chemicals and various microorganisms. Microorganisms include epiphytic bacteria, which can secrete 
toxic compounds or directly interfere with growth of pathogens. Gram-positive bacteria often produce 
bacterial growth inhibitors (Emmert and Handelsman, 1999). Application of those cell culture 
preparations comprises bacilli, spores and toxins. The latter may well survive commercial formulations. 
Cell growth and sporulation are favored by elevated temperatures on the plant surfaces. Gram-negative 
bacteria have been applied from freeze-dried cultures as liquid suspensions (Stockwell et al. 2002).  

A few reports deal with yeasts or bacteriophages for control of fire blight. Yeasts are often sensitive to 
fungicides and can cause leaf rust. Bacteriophages are tedious to separate from the pathogenic host cells, 
they may be unstable in their titer (plaque forming units, PFU) and may not efficiently reach the bacteria 
on the plant surface for destruction of the pathogen. Spontaneous resistance to bacteriophages is common 
for bacterial host cells, so several phages with different receptor targets should be preferred. 

The release of large amounts of microorganisms could cause environmental imbalances. Application of 
enriched or purified bactericidal compounds may therefore be often preferred to cell preparations. In this 
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view, we have isolated and expressed an EPS depolymerase gene from the E. amylovora phage φ-Ea1h 
and the His-tagged protein purified on Ni-columns (Kim and Geider 2000). The enzyme cleaves the 
repeating units of the exopolysaccharide (EPS) amylovoran behind the galactose residue bearing the side 
chain. Destruction of the capsules exposes E. amylovora cells to plant defense mechanisms. Expression 
of the dpo gene in apple (Hanke et al. 2003) and pear (Malnoy et al. 2005) reduced symptom formation 
of inoculated seedlings.  

Materials and methods 

Isolation of epiphytic bacteria from apple and pear at three places in Australia will be described (Geider 
et al. 2005). The nucleotide sequences of the 16S rRNA and the "house keeping genes" recA, gapdh will 
be also reported. The levansucrase encoding genes (lsc) of the Australian epiphytes were sequenced and 
differed from the E. amylovora lsc gene. Erwinia billingiae strains had been isolated in English orchards 
from various plant tissues by Eve Billing as "white herbicolas" and were recently placed into a novel 
species (Mergaert et al. 1999). The antagonistic effects of the bacteria were determined on green pear 
slices and on apple flowers. The pear slices were soaked with cells of E. tasmaniensis or E. 
billingiae, air dried and diluted suspensions of E. amylovora added. Flowers were removed from 
trees, inoculated with a mixture of an antagonist and E. amylovora and further incubated in a moist 
chamber for 5 days. The amount of E. amylovora was determined by titration of a streptomycin-
resistant strain and by real-time PCR.  

Results and discussion 

Characterization of Erwinia tasmaniensis for control of fire blight: Bacteria on plant surfaces do not 
damage the plant tissue to a visible extent. The epiphytes use secreted plant compounds as nutrients. In 
flowers, the bacteria will find carbohydrates in the nectar, which are a source to support growth of many 
microorganisms. On the other hand, high sugar concentrations favor osmotolerant bacteria.  

A novel species of epiphytic bacteria from pear and apple flowers and apple bark, named Erwinia 
tasmaniensis, was characterized for microbiological and molecular properties (Table). Selected as white, 
levan-producing bacteria, they cause a hypersensitive response (HR) on tobacco after induction in a 
starvation medium. HR could increase their fitness on plant tissue, levan synthesis their growth in high 
sugar concentrations found in nectar of flowers. The epiphytic strains isolated at three different places on 
Australia seem to contain a plasmid in the size range of 50 kb and are very similar to each other for 
nucleotide sequences of the 16S rRNA, the "house keeping" genes recA and gapdh. They can be 
distinguished from the fire blight pathogen E. amylovora and the Asian pear pathogen Erwinia pyrifoliae 
not only by the lack of virulence on apple and pear, but also by sequence alignments of these genes. They 
can also be separated from other related bacteria such as the species Pectobacterium, Pantoea or 
Brenneria. Levansucrase genes of E. tasmaniensis strains show nucleotide changes compared to E. 
amylovora. The strains are non-pathogenic when inoculated on green pear slices or into apple seedlings. 
By microbiological assays (together with B. Völksch, Jena) and by DNA/DNA hybridizations (together 
with G. Auling, Hannover), they were classified as Erwinia tasmaniensis, a novel species in the genus 
Erwinia.  

Table Biochemical properties of two antagonistic bacterial species and of E. amylovora and their interaction 
with plants 

Species levan AHL-synthesis AI-2 production virulence* HR** 
Erwinia tasmaniensis yes no yes no yes 
Erwinia billingiae  no yes yes no no 
Erwinia amylovora yes no yes yes yes 

*on apple and pear; **on tobacco 
 

Autoinducers of the epiphytic bacteria for cell/cell communication: Another species of epiphytic 
bacteria, Erwinia billingiae, does not produce levan and does not induce HR on tobacco. These bacteria 
produce acyl homoserine lactone (AHL), a small molecule secreted for cell/cell communication, called 
quorum sensing. AHL accumulates at high cell densities in the medium and interferes with gene 
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expression. Selectivity can result from the chain length of the acyl-residues, which is supposed to 
discriminate its binding to LuxR-proteins of bacteria. Another type of molecules for quorum sensing is 
the autoinducer 2 (AI-2), a furanosyl borate diester (Federle and Bassler 2003). In Vibrio harveyi, AI-2 
and AHL (AI-1) induce the expression of the lux operon at high cell densities. Although most bacteria do 
not display bioluminescence, the autoinducers were shown to interfere with bacterial gene expression 
which can be activation or reduction of transcription. E. amylovora produces AI-2 (Mohammadi and 
Geider 2005) and may be affected by this compound for growth, also after secretion of AI-2 by other 
bacteria in the environment. A key enzyme for AI-2 synthesis is encoded by luxS, which is highly 
conserved for E. amylovora strains, but not identical to luxS of E. tasmaniensis. 

Controversial reports exist about synthesis of AHL by E. amylovora. Sensor strains for AHL were 
described to respond to culture supernatants of E. amylovora (Venturi et al. 2004; Molina et al. 2005), 
but we could not confirm these findings. PCR primers proposed for amplification of luxI/R analogous 
genes of E. amylovora did not result in DNA amplification in our hands, nor were the nucleotide 
sequences indicated in the reports found in blast searches with the "shotgun/contig" library of E. 
amylovora, provided by the Sanger Institute, Cambridge, UK. Quorum sensing of E. amylovora may 
only depend on AI-2.  

Antagonistic effects of epiphytic bacteria against fire blight: In growth assays with slices of immature 
pears or with apple flowers, application of E. tasmaniensis or E. billingiae strains resulted in growth 
inhibition of E. amylovora (Jakovljevic et al. 2006). An excess of the antagonist was essential to interfere 
with growth of E. amylovora. The titer of the pathogen was not reduced by the epiphytic bacteria after 
application together with E. tasmaniensis or E. billingiae into apple flowers, so the epiphytic bacteria 
may compete by their initial high cell density. Strong growth retardation may eventually result in 
autolysis of E. amylovora, which can grow, when undisturbed, to a density above 1x107 cfu per flower. 
A reduction of typical fire blight symptoms was found in the experimental orchard applying the 
antagonistic bacteria in advance to the challenge by E. amylovora (unpublished). 

Gram-positive bacteria, classified as Bacillus megaterium and Bacillus pumilus, can also interfere with 
growth of E. amylovora on cell lawns (Jock et al. 2002). Growth inhibition is caused by the release of 
inhibitors, which could explain the antagonistic effect of B. pumilus in apple flowers, which prevented 
growth of E. amylovora as well as E. tasmaniensis and E. billingiae. 

Conclusions 

Two antagonistic bacterial species, E. tasmaniensis and E. billingiae, were assayed for their interference 
with growth of E. amylovora on plant tissue and in apple flowers. An excess to the pathogen reduced or 
even eliminated growth of E. amylovora and the formation of fire blight symptoms. A common feature 
of the antagonistic bacteria and E. amylovora is synthesis of AI-2, which may restrict growth of the 
pathogen by also sensing the concentration of a foreign autoinducer and cause growth retardation at high 
autoinducer levels. The application of the antagonists in orchards still needs further experiments about 
their growth and persistence in flowers, storage properties after cultivation in liquid media and 
toxicological studies about their interaction with other organisms including humans. 
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