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            Abstract
Pathogenic microbes use effectors to enhance susceptibility in host plants. However, plants have evolved a sophisticated immune system to detect these effectors using cognate disease resistance proteins1, a recognition that is highly specific, often elicits rapid and localized cell death, known as a hypersensitive response, and thus potentially limits pathogen growth2,3,4,5. Despite numerous genetic and biochemical studies on the interactions between pathogen effector proteins and plant resistance proteins, the structural bases for such interactions remain elusive. The direct interaction between the tomato protein kinase Pto and the Pseudomonas syringae effector protein AvrPto is known to trigger disease resistance and programmed cell death6,7 through the nucleotide-binding site/leucine-rich repeat (NBS-LRR) class of disease resistance protein Prf8. Here we present the crystal structure of an AvrPtoâ€“Pto complex. Contrary to the widely held hypothesis that AvrPto activates Pto kinase activity, our structural and biochemical analyses demonstrated that AvrPto is an inhibitor of Pto kinase in vitro. The AvrPtoâ€“Pto interaction is mediated by the phosphorylation-stabilized P+1 loop and a second loop in Pto, both of which negatively regulate the Prf-mediated defences in the absence of AvrPto in tomato plants. Together, our results show that AvrPto derepresses host defences by interacting with the two defence-inhibition loops of Pto.
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                    Figure 1: 
Bipartite AvrPtoâ€“Pto interfaces.
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Figure 2: 
The active conformation of Pto is important for AvrPto binding.
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Figure 3: Mutations in the two AvrPtoâ€“Pto interfaces trigger a CGF hypersensitive response in  N. benthamiana.[image: ]


Figure 4: AvrPto inhibits the kinase activity of Pto  in vitro.[image: ]
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Many microbial plant pathogens have evolved effector proteins that enhance virulence by neutralizing host-plant defences. Plants have countered by developing highly specific resistance proteins that recognize an effector and limit the infection, often by inducing localized cell death. The crystal structure of one of these effectors, AvrPto from Pseudomonas syringae, bound to the Pto kinase that confers resistance to bacterial speck disease in tomato plants has now been determined. The nature of their interaction suggests that Pto may have evolved as a mimic of the virulence target of AvrPto.
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