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 Pseudomonas syringae pv. tomato DC3000 is a gram negative bacterial 

pathogen that causes bacterial speck disease on Arabidopsis and tomato. The 

pathogenicity of P. syringae relies on effector proteins that are injected into plant cells by 

the type III secretion system (TTSS). hrpJ is one of the genes in the hrp/hrc gene 

cluster, which encodes the TTSS apparatus. I demonstrated that HrpJ was secreted and 

injected into plant cells via the P. syringae TTSS. A DC3000 hrpJ mutant, UNL140, was 

greatly reduced in its ability to cause disease. UNL140 was defective in the injection of 

AvrB1, AvrRpt2, AvrPto1, HopB1, and AvrPtoB effectors into plant cells. Moreover, 

UNL140 secreted AvrB1, AvrPto1, HrpA1, but not HrpZ1. This defect in the secretion of 

HrpZ1 and possibly other putative translocators in the hrpJ mutant probably results in 

disabled injection of effector proteins into plant cells. Genome investigation in DC3000 

identified three effectors, including HopU1, that share similarity with mono-ADP-

ribosyltransferases (ADP-RTs). HopU1 inhibited outputs of plant innate immunity 

including the hypersensitive responses and callose deposition dependent on the ADP-

RT active site.  We identified three chloroplast and two glycine rich RNA binding proteins 

in Arabidopsis extracts that are ADP-ribosylated by HopU1. T-DNA knockout mutants of 

one of these glycine rich RNA binding proteins, AtGRP7, exhibited enhanced 

susceptibility to DC3000 infection indicating that this protein has a role in the plant innate 

immunity. When co-expressed in plants, HopU1 was capable of ADP-ribosylating 

AtGRP7 indicating that HopU1 could modify AtGRP7 in planta. Two arginine residues 
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within AtGRP7’s RNA-binding domain were required for it to be ADP-ribosylated by 

HopU1-His, suggesting that ADP-ribosylation interferes with AtGRP7’s RNA binding 

ability. Our results suggest a novel strategy employed by a bacterial pathogen where 

ADP-ribosylation of plant RNA-binding proteins results in posttranscriptional inhibition of 

host innate immunity. Using a bioinformatic approach, we identified seven putative ARTs 

from plant bacterial pathogens. At least one of them, XAC3230 from Xanthomonas 

axonopodis pv. citri strain 306 has the characteristics of being a type III effector. 
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             We use Pseudomonas syringae pv. tomato DC3000 as a model organism to 

study the type III secretion system (TTSS) of plant pathogenic bacteria. This gram-

negative bacterial pathogen causes bacterial speck disease on the widely used model 

plant Arabidopsis and on the economically important tomato. Because the genome of 

the pathogen DC3000 and host plant Arabidopsis are both completely sequenced and 

this pathogen causes disease on an economically important tomato, DC3000 is an 

excellent model pathogen to study molecular interactions between microbial pathogens 

and host plants.  

P. syringae 

     General description and significance 

             P. syingae are gram-negative, rod-shaped bacteria with multiple polar flagella 

and aerobic metabolism.  The function of flagella is to provide motility so the bacterium 

can swim towards or away from environmental stimuli. P. syringae can be characterized 

by its inability to properly utilize arginine due to the lack of arginine dihydrolase and a 

negative oxidase reaction resulting from the lack of a specific cytochrome C oxidase in 

the respiratory electron transport chain. Most, but not all P. syringae strains are plant 

pathogens. Plant pathogenic P. syringae strains cause diseases on a wide range of host 

plants. Non-pathogenic P. syringae strains have been used to inoculate plants for 

potential antifungal treatment. Because P. syringae is also associated with ice 

nucleation, P. syringae has also been used to produce artificial snow in ski resorts (71, 

72). 

   

      Taxonomy and nomenclature 
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      .     P. syringae is a member of the family Pseudomonadaceae under the order of 

Pseudomonadales. As is well known, Pseudomonadales are classified in the gamma 

class of Proteobacteria in the bacteria kingdom. P. syringae was initially isolated in 1902 

by van Hall from a diseased lilac (Syringa vulgaris), therefore leading to the species 

designation of syringae (71, 128) 

 

        P. syringae and ice nucleation    

             Ice nucleation induced by P. syringae was first described in 1974 when bacterial 

suspensions of P. syringae isolated from decaying alder leaves (Alnus tenuifolia) were 

found to freeze at a warmer temperature than the suspensions of most other bacteria 

and those without bacteria (110). The advantage for the bacteria to induce ice nucleation 

might be to initiate frost damage to the plants so that bacteria can have access to the 

nutrients of the plants (29). Ice nucleating bacteria such as P. syringae makes Ina (ice 

nucleation active) proteins, which translocate to the outer bacterial cell wall on the 

surface of bacteria to act as the nuclei for ice formation (65). Lindow & colleague found 

that the population of the ice nucleation active bacteria can be significantly reduced by 

inoculation of ice- bacteria in which the ice gene was deleted, therefore, ice- bacteria can 

be used to reduce frost damage to crop plants. Competition for the limited nutrients on 

the leaf surface has been suggested as a possible mechanism for this effect (160, 161). 

In fact, ice- mutants of P. syringae and P. fluorescence were the first recombinant 

organisms that were deliberately released into the environment (71).  Freeze-dried cells 

of an ice nucleation active P. syringae strain were used commercially for the production 

of artificial snow (65). Addition of ice nucleation active bacteria such as P. syringae to 

food stuffs can lead to an improved frozen food product at a higher freezing temperature 

with reduced freezing time and energy cost (37). 
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      P. syringae as epiphytes 

            In 1959, J. E. Crosse reported that the causal agent of bacterial canker and leaf 

spot of stonefruit tree, P. syringae pv. morsprunorum, can be isolated in  large amounts 

from asymptomatic cherry leaves (71).  J. E. Crosse also found that larger numbers of 

the P. syringae pv. morsprunorum in the phyllophere were more highly associated with 

susceptible cultivars than more resistant cultivars. It is generally believed that the 

epiphytic populations of the bacteria serve as the source of inoculums for disease (71).  

          Haefele et al. showed that motility contributes to epiphytic fitness (66). Steve 

Lindow and colleagues used random Tn5 mutagenesis to identify genes that contribute 

to epiphytic fitness. Among eighty two mutants with reduced epiphytic growth, only three 

were auxotroph. Other mutants showed defects in motility, osmotolerance, desiccation 

tolerance, growth rate in batch culture, and extracellular polysaccharide production 

(103). Epiphytic bacteria do not occur in uniform, but rather aggregate at certain sites on 

the leaf. This suggests that quorum-sensing may contribute to epiphytic growth (119, 

120). In fact, a transcriptional activator that is required for quorum sensing signal 

molecular N-acyl-homoserine lactone (AHL)  production, is also required for epiphytic 

fitness of P. syringae supporting the role of quorum sensing in epiphytic growth (134).  

 

      Pathogenic P. syringae  

          P. syringae cause diseases on a wide variety of host plants. The disease 

symptoms caused by P. syingae include leaf spot, bacterial blight and stem canker etc.  

P. syringae is divided into over 40 pathovars based on host specificity at the plant 

species level (71, 89).  

  

     Genome organization of P. syringae 
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          P. syringae pv. tomato DC3000 was the first P. syringae strain completely 

sequenced (26). DC3000 encodes 5763 ORFs in its 6.5 megabase genome. It has two 

plasmids in addition to a circular chromosome. 298 genes are implicated in virulence 

functions. 1159 genes, including 811 genes with unknown function, are not shared with 

soil bacterium P. putida and human pathogen P. aeruginosa, and, therefore, unique to 

DC3000 (26).  

           P. syringae pv. syringae B728A was the second P. syringae strain sequenced 

(52). In contrast to DC3000, B728A does not have plasmids. The genome size is 6.1 

megabases. B728A is a pathogen with a very pronounced epiphytic growth phase (71). 

Because epiphytic growth makes the pathogen more exposed to environmental stress 

conditions, this pathogen developed genes involved in ectoine synthesis, DNA repair, 

copper and antibiotic resistance which makes this pathogen more tolerate to thes.e 

stresses. Other genes among a total of 976 unique genes without counterparts in 

DC3000 include syringopeptin, syringomycin, arginine degradation and production of ice 

nuclei (52).    

          The third and final sequenced P. syringae strain sequenced at the time this thesis 

was written is P. syringae pv. phaseolicola 1448A (83). 1448A is a causal agent of halo 

blight disease found on common bean. This pathogen has been used a lot in field 

studies and early studies for interactions between avirulence (avr) genes and resistance 

R genes (introduced below). 1448A belongs to race 6, which is virulent on all common 

bean varieties; therefore race 6 has been used as a recipient strain to identify type III 

effector or Avr proteins based on avrulence phenotypes. 1448A encodes 5353 ORFs on 

its circular chromosome and two plasmids. The genome size of 1448A is 6.1 

megabases. Among 298 genes from DC3000 that were implicated in virulence, 240 of 

them are present in 1448A. Joardar compared the genome of 1448A to DC3000, P. 
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putida KT2440 , P. aeruginosa PAO1, P. fluorescence Pf-5 and identify 3567 ORFs that 

comprise the Pseudomonas core genome and 365 ORFs that are unique to P. syringae 

(83).     

 

Virulence factors of P. syringae 

           In Fig. 1, I show the virulence factors present in DC3000 based on its genome 

sequence as an example of virulence factors commonly found in P. syringae. The 

central part of the pathogenic process for P. syringae is the injection of bacterial proteins 

called type III effector proteins into the plant cell by the syringe-like type IIII secretion 

apparatus. Once inside plant cells, these effectors modify plant physiology, suppress 

plant defense and collectively cause plant disease (50). DC3000 produces methyl 

jasmonate mimicking a phytotoxin called coronatine (16). Coronatine has an unusual 

structure and two distinct components: Coronafacic acid and coronamic acid. This 

polyketide toxin induces chlorosis on a variety of plant species (16). Recently, it was 

shown that bacterial PAMPs (Pathogen-associated molecular patterns)  trigger stomata 

closure, while coronatine causes the reopening of the stomata to allow bacteria invasion 

and, therefore, contribute to the virulence of DC3000 (118). DC3000 produces 

phytohormone IAA. The exact role of the IAA produced by the bacterial pathogen is not 

well understood, but it has been shown that IAA may suppress the hypersensitive 

response (136), affect bacterial growth and bacterial toxin syringomycin biosynthesis by 

P. syringae pv. syringae (116).. Siderphores as small molecular weight and high affinity 

iron chelators contribute to the bacterial growth in iron limiting environments. Cell wall 

degrading enzymes such as pectin lyase secreted by the type II secretion system may 

be involved in symptom development by releasing plant nutrients for bacterial growth). 

Adhesins, such as type IV pili and filamentous hemagglutinin likely play a role in the 
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adhesion of bacteria to the host and epiphytic fitness (26, 137, 139). Extracellular 

polysaccharides (EPS) may provide an exclusion to ROS (reactive oxygen species) 

produced by plant host. Interestingly, EPS from Burkholderia cenocepacia, an 

opportunistic pathogen in compromised human hosts, inhibited ROS production  of  

human neutrophils (30). Catalase, superoxide dismutases (SODs) and other ROS 

(reactive oxygen species) scavengers likely provide protection to ROS as well (26). ABC 

exporters may protect  DC3000 by exporting antimicrobial produced by plant host. 

 

Type III secretion system  

         TTSS is a very important research topic because it is required for most plant 

bacterial pathogens including P. syringae., Erwinia spp., Pantoea spp., Ralstonia 

solanacearum and Xanthomonas spp. and many animal pathogens such as Shigella 

spp., Yersinia spp., Enteropathogenic Escherichia coli and Salmonella spp. to cause 

diseases. TTSSs have also been identified in symbiotic bacteria such as Rhizobium 

spp., Bradyrhizobium japonicum and Mesorhizobium loti (114). Thus, TTSSs are used 

by gram-negative bacteria living in close association with eukaryotes where the effectors 

injected improve the interactions between these organisms. 

 

    Regulation 

             According to gene organization and the regulatory system controlling TTSS 

gene expression, the TTSSs in the phytopathogenic bacteria are divided into two 

groups. Group I TTSS includes Erwinia spp., Pantoea agglomerans and P. syringae and 

group II TTSS includes Xanthomonas spp. and R. solanacearum (6).   

   

    Regulation of the group I TTSS 

 
 
 
 

 
 
 

PREVIE
W



 23
         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Overview of P. syringae virulence factors. The central pathogenic process is the injection of 
multiple effector proteins into plant cells by the TTSS. The effectors may suppress defenses and 
promote nutrient and water accumulation in the apoplast. Flagella provide motility and favor 
bacterial epiphytic survival and entry into leaves. Exclusion or tolerance of reactive oxygen 
species (ROS) and other antimicrobials is likely promoted by extracellular polysaccharides (EPS), 
scavengers, and ABC exporters. Favoring virulence are type IV pili and possibly adhesins, 
coronatine synthesis and regulation, plant cell-wall-degrading enzymes (CWDE) and other 
variously secreted proteins, iron-scavenging siderophores (Sid), indoleacetic acid (IAA), and 
probably numerous ABC transporters and other nutrient uptake systems. From Buell et al. (26)  
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