
 I 

ÍNDICE  

 Pág. 

 

 Resúmenes    1-6 

 

 CAPÍTULO 1: INTRODUCCIÓN, JUSTIFICACIÓN  y 

OBJETIVOS 

  

1.1. El fuego bacteriano  9-18  

  

1.1.1. Sintomatología y rango de hospedadores 

1.1.2. Distribución mundial  

1.1.3. Distribución en España  

 

1.2.   Erwinia amylovora, el agente causal 18-28 

 

1.2.1. Taxonomía y características generales  

1.2.2. Factores de virulencia: los exopolisacáridos  

 

 

1.3.   Epidemiología: ciclo biológico de E. amylovora 29-33 

 

1.4.   Diagnóstico de fuego bacteriano 33-46 

 

1.4.1. Aislamiento de E. amylovora 

1.4.2. Detección serológica 

1.4.3. Detección molecular 

1.4.4. Identificación  

1.4.5. Protocolo de diagnóstico (PM7/20, EPPO) 

  

 



 II 

1.5. Una estrategia de supervivencia bacteriana:  47-63 

el estado  viable no cultivable (VNC)  

  

1.5.1. Supervivencia, viabilidad y muerte celular  

1.5.2. El estado VNC: determinación y características 

1.5.3. Reversión del estado VNC: recuperación o       

resucitación  

1.5.4. Mantenimiento del poder patógeno en las  

células VNC  

1.5.5. El estado VNC en la naturaleza: implicaciones 

epidemiológicas  

1.5.6. El estado VNC en bacterias asociadas a  plantas 

 

 

1.5. Control del fuego bacteriano 64-76 

 
1.6.1 Medidas preventivas  

1.6.2. Control químico: cobre, antibióticos y otros 

1.6.3. Control biológico  

1.6.4. Control genético 

 

 

1.7. Justificación y Objetivos 77-78  

  

 

 

 



 III 

 CAPÍTULO 2: “Survival strategy of Erwinia amylovora 

against copper: induction of the viable-but-nonculturable 

state” (2006, Appl. Environ. Microbiol. 72: 3482-3488) 

 

2.1. Abstract  81 

2.2. Introduction 82-84 

2.3. Materials and Methods 84-88 

 

2.3.1. Inoculation of E. amylovora cells in mineral  

medium with copper 

2.3.2. Bacterial cell counts 

2.3.3. Culturability restoration or resuscitation of 

copper-induced VBNC cells 

2.3.4. SEM of E. amylovora cells in the presence of 

copper 

2.3.5. Pathogenicity assays of VBNC and 

resuscitated E. amylovora cells 

2.3.6. Statistical analysis  

   

2.4. Results 89-95 

 
2.4.1. Copper induces the VBNC state in E. amylovora  

2.4.2. Resuscitation of copper-induced VBNC E.  

amylovora cells 

2.4.3. SEM of copper-induced VBNC E. amylovora       

cells 

2.4.4. Pathogenicity of copper-induced VBNC and 

resuscitated E. amylovora cells 

 

2.5. Discussion 96-101 

 

2.6. Acknowledgements 102 

 



 IV 

 CAPÍTULO 3: “Survival of Erwinia amylovora  in water” 

 

3.A. Long-term starvation-survival of Erwinia amylovora  

in sterile irrigation water. (2006, Acta Hort. 704: 107-112) 

 

3.A.1. Abstract 105-106  

3.A.2. Introduction 106-107 

3.A.3. Materials and Methods 108-109 

3.A.3.1. Bacterial strains and water microcosms 

3.A.3.2. E. amylovora cell counts 

3.A.3.3. Infectivity assays in green pears 

 

3.A.4. Results   109-112 

3.A.4.1. Survival of E. amylovora in water  

3.A.4.2. Pathogenicity assays  

 

3.A.5. Discussion                  113-115 

 

3.B. Erwinia amylovora  survives in natural water. (Acta   

Hort. in press) 

 

3.B.1. Abstract  116-117 

3.B.2. Introduction 117-118 

3.B.3. Materials and Methods 118-119 

3.B.3.1. Bacterial strains and preparation of water 

microcosms 

3.B.3.2. E. amylovora cell counts 

3.B.3.3. Pathogenicity of E. amylovora in natural water 

 



 V 

3.B.4. Results 119-122 

3.B.4.1. Fate of E. amylovora in natural water 

microcosms 

3.A.4.2. Pathogenicity of E. amylovora in natural      

water microcosms  

 

3.B.5. Discussion 122-124 

3.B.6. Acknowledgements 124 

 

 

 

 

 

 

 CAPÍTULO 4: “Improvement of the recovery of Erwinia 

amylovora stressed cells on RESC, a simple, rapid, and 

differential culture medium” (Int. Microbiol., to be submitted) 

 

4.1. Abstract  127 

4.2. Introduction 128-130 

4.3. Materials and Methods 131-138 

 

4.3.1. Bacterial strains 

4.3.2. Selection of the copper sulphate concentration    

for adding to KB medium 

4.3.3. Copper complexing measurements of KB broth 
4.3.4. Growth media and incubation conditions 

 

 



 VI 

4.3.5. Evaluation of RESC medium in vitro: enumeration  

of E. amylovora cells from mixed cultures with 

epiphytic plant bacteria 

4.3.6. Evaluation of RESC medium in vivo: isolation of E. 

amylovora from field samples  

4.3.7. Evaluation of RESC medium for the enumeration   

of E. amylovora stressed cells 

4.3.8. Statistical analysis  

 

 

4.4. Results 138-148 

 
4.4.1. Copper complexing ability of KB broth  

4.4.2. Selection of copper sulphate concentration:       

the RESC medium  
4.4.3. Colonial morphology of E.  amylovora on RESC 

medium 

4.4.4. Recovery efficiency of E. amylovora on RESC 

medium in vitro 

4.4.5. Recovery efficiency of E. amylovora on RESC 

medium medium in vivo 
4.4.6. Recovery efficiency of stressed E. amylovora     

cells on RESC medium 

 

4.5. Discussion 148-153 

 

4.6. Acknowledgements 154 

 

 

 

 



 VII 

 CAPÍTULO 5: “Role of amylovoran and levan on the 

survival of Erwinia amylovora under copper stress and 

starvation” (Appl. Environ. Microbiol., to be submitted) 

 

5.1. Abstract  157 

5.2. Introduction 158-160 

5.3. Materials and Methods 160-165 

5.3.1. Bacterial strains and inoculation conditions 

5.3.2. Bacterial cell counts 

5.3.3. Direct and indirect EPS measurements 

5.3.4. Staining of EPS and bacterial morphology 

5.3.5. Quantification of copper-complexing ability of EPSs 

5.3.6. Effect of EPS extracts under copper and starvation 

stress conditions  

5.3.7. Statistical analysis  

 

5.4. Results 165-176 

5.4.1. Influence of EPSs in the survival of E. amylovora  

5.4.2. Morphological changes in  E.  amylovora cells 

under stress conditions 

5.4.3. Copper complexing ability of E. amylovora cells 

and EPS extracts 

5.4.4. EPS extracts prolong the culturability of E. 

amylovora under stress conditions 

 

5.5. Discussion 176-182 

5.6. Acknowledgements 183 

 

 



 VIII 

 

 CAPÍTULO 6: DISCUSIÓN GENERAL Y CONCLUSIONES 

 

6.1. Discusión general 187-195  

 

6.2. Conclusiones generales 195-197 

 

 

 CAPÍTULO 7: BIBLIOGRAFÍA GENERAL 199-226 

  

 

 

 

 


