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Supplemental methods 24 

 25 

Yeast two-hybrid screen 26 

The GAL4 based Matchmaker yeast two-hybrid system was used for the AvrPtoB-kinase 27 

interaction screen (Clonetech). AvrPtoB and a mCherry negative control were cloned into the 28 

pGADT7 vector fused to the GAL4 activation domain and HA tag. Arabidopsis SnRKs and 29 

CDPKs were cloned into the pGBKT7 vector, which contains the GAL4 DNA binding domain 30 

and N-terminal Myc epitope tag. In order to detect interactions with CDPKs, their C-terminal 31 

Ca2+ regulatory and auto-inhibitory domains were removed prior to clone into the pGBKT7 32 

vector. Primers are listed in Table S2. The pGADT7-AvrPtoB and pGADT7-mCherry plasmids 33 

were separately co-transformed with each pGBKT7-SnRK/CPKΔC plasmid into the yeast strain 34 

AH109, colonies were selected on SD -Leu/-Trp dropout media and tested for interactions on SD 35 

-Leu/-Trp/-His dropout media containing X-α-Gal. Yeast transformation and media preparation 36 

were performed per manufacturer instructions (Clontech). To confirm protein expression, yeast 37 

proteins were extracted as described previously and subjected to anti-HA HRP (Roche 38 

#12013819001; 1:2,000) and anti-Myc (Clontech #631206; 1: 2,000) immunoblotting (Zhang et 39 

al., 2011b). 40 

 41 

Plant protein extraction and immunoblotting 42 

Plant tissues were ground in liquid nitrogen and homogenized in Protein Extraction Buffer 43 

[(PEB: 50 mM Tris-HCl, pH 7.5, 1 mM EDTA, pH 8.0, 150 mM NaCl, 0.1% Triton X-100, 44 

0.5% IGEPAL, 5% glycerol, 1 mM PMSF, 3 mM DTT, 1 × CPI (Thermo Fisher Scientific), 1× 45 

PPI (Thermo Fisher Scientific), 50 mM MG132 (Sigma-Aldrich)] (Chen et al., 2017). The 46 

homogenate was cleaned by centrifuging at 14,000 rpm for 15 min at 4 ℃, and boiled with 5 × 47 

SDS buffer (250 mM Tris-HCl pH 6.8, 6% SDS, 0.5 M DTT, 30% glycerol, 0.08% bromophenol 48 

blue) for 10 min. 49 

 50 

Co-immunoprecipitation assays 51 



To confirm the association between AvrPtoB and SnRK/CDPKs in planta, kinase dead variants 52 

were generated and tested for their ability to associate with wild-type AvrPtoB after transient 53 

expression in N. benthamiana. SnRK1.1-KD (K71A), SnRK2.6-KD (K50A),  SnRK2.8-KD 54 

(K33A), CPK4ΔC-KD (K54A) and CPK5ΔC-KD (K126A) kinase dead variants were generated 55 

by PCR-based site-directed mutagenesis and fused with a C-terminal HA tag in the binary vector 56 

pGWB414 (Nakagawa et al., 2007). Primers are listed in Table S3. AvrPtoB fused with a C-57 

terminal GFP tag was cloned into the dexamethasone (Dex)-inducible binary vector pTA7001 58 

(Gu and Innes, 2011).  Binary vectors were transformed into Agrobacterium tumefaciens 59 

GV3101. Agrobacterium suspensions were co-infiltrated into N. benthamiana leaves at an 60 

OD600 = 0.4 for AvrPtoB and an OD600 = 0.6 for each kinase. Twenty-four hours post-61 

inoculation, 15 μM DEX and 0.01% Silwet L-77 were sprayed to induce the expression of 62 

AvrPtoB-GFP. Two grams of leaf tissue per sample were collected three hours post-DEX 63 

application. 64 

For immunoprecipitations, N. benthamiana leaf tissues were ground in liquid nitrogen and re-65 

suspended in 2 mL IP buffer (50mM Tris-HCL ph7.5, 150mM NaCl, 0.1% Triton, 0.2% NP-40, 66 

1× complete protease inhibitor (Thermo Fisher Scientific #A32963) and 1× phosphatase inhibitor 67 

(Thermo Fisher Scientific #A32957), 1mM DTT, 40uM MG132, 0.5% PVP). Samples were 68 

centrifuged at 14,000 rpm for 15 min and filtered to remove debris using a poly-prep 69 

chromatography column (10 mL, Bio-Rad). The supernatant was incubated with 25 μL of anti-70 

GFP agarose beads at 4℃ for  1.5 hr. Beads were washed once with IP buffer by centrifuging at 71 

3000 rpm for two min and twice by filtration through a pierce centrifuge column (0.8 mL, Bio-72 

Rad). Proteins were eluted from the beads by boiling in 2× Laemmli buffer for five min. Proteins 73 

were separated by SDS-PAGE and immunoblotted with anti-HA HRP (Roche #12013819001; 74 

1:2,000) and anti-GFP HRP (Miltenyi Biotec #130-091-833; 1:3,000). 75 

To test the ability of AvrPtoB phosphorylation mutants to disrupt FLS2-BAK1 complex 76 

formation, AvrPtoB phospho-null mutants (S258A and S205AS210AS258A) were generated by 77 

PCR-based site-directed mutagenesis. Primers are listed in Table S2. AvrPtoB variants were 78 

fused with C-terminal 3× FLAG tag in binary vector pTA7001, and FLS2 and BAK1 were 79 

separately fused with C-terminal GFP tag and HA tag in binary vector pEarleyGate 103 and 80 

pGWB14 (Earley et al., 2006; Nakagawa et al., 2007). The binary vectors were transformed into 81 



Agrobacterium tumefaciens GV3101. FLS2, BAK1, and AvrPtoB variants Agrobacterium 82 

suspensions were co-infiltrated into N. benthamiana leaves, 15 μM DEX and 0.01% Silwet L-77 83 

were sprayed to induce the expression of AvrPtoB at 24 hpi for three hours, two grams of leaf 84 

tissue for each sample were collected after 15 min treatment with 5 mM MgCl2 or 10 μM flg22. 85 

Immunoprecipitation was performed as described above. 86 

 87 

Recombinant protein purification 88 

AvrPtoB and SnRK2.8 were cloned in E.coli expression vector pDEST15 (Invitrogen) fused with 89 

N-terminal GST tag, the constructs were transformed into E.coli BL21 (DE3).  200 mL of E.coli 90 

culture was grown at 28 ℃ until OD600 = 0.5. Protein expression was induced with 0.5mM 91 

IPTG at 16 ℃ for 12 hr. Cells were harvested by centrifuging at 5000 g 4 ℃ for 10 min and 92 

washed once with buffer A (0.1 M Tris-HCl pH 7.5, 150 mM NaCl, 1 mM PMSF, 1 × CPI, 10 93 

mM DTT and 10 uM MG132). Cell pellets were resuspended in 3 mL of buffer  A with 15 94 

μg/mL lysozyme and incubated on ice for 30 min. Total protein was released by sonication and 95 

incubated with Glutathione Sepharose 4B (GE Healthcare #GE17-0756-01) at 4 ℃ for one hour. 96 

Agarose beads were washed three times with buffer A by centrifuging at 5000 g for 5 min. 97 

Proteins were eluted by incubating with buffer B (50 mM Tris-HCl pH8, 10 mM reduced 98 

Glutathione) for 10 min at room temperature (RT). 99 

 100 

Kinase activity assay 101 

An in vitro kinase activity assay was performed with recombinant proteins, 3 μg of GST-102 

AvrPtoB and 0.3-1 μg GST-SnRK2.8 were mixed in kinase buffer (20 mM Tris-HCl pH7.5, 10 103 

mM MgCl2, 1 mM CaCl2, 100 μM ATP, 1 mM DTT). The kinase reaction was performed at 104 

30 ℃ for 30 min and stopped by 3 × Laemmli buffer. Protein samples were separated in SDS-105 

PAGE and immunoblotted with anti-pSer antibody (Sigma #P3430; 1:1000) and anti-GST 106 

antibody (Sigma; 1: 3000).  107 

 108 

Phosphorylation site identification and quantification 109 



To identify AvrPtoB phosphorylation sites in vivo, AvrPtoB-YFP in the pBluescript vector was 110 

transiently expressed in Col-0 and snrk2.8 protoplasts, protoplast preparation and transient 111 

transformation were  performed as previously described (Yoo et al., 2007). 1 mL of protoplasts 112 

was transfected with 100 μg of plasmid and collected in 9 hr. Protein was released in IP buffer 113 

(without 0.5% PVP) and subject to GFP-IP as described above. Protein peptides were generated 114 

by in-solution trypsin digest as previously described and subjected to LC-MS/MS run by 115 

Orbitrap Fusion Lumos mass spectrometer (Thermo Fisher Scientific) (Minkoff et al., 2013).  116 

LC-MS/MS data was analyzed by software MaxQuant (Tyanova et al., 2016).  117 

To quantify the phosphorylated peptides, an inclusion list of phosphopeptide and control 118 

peptides, including the Mono-isotopic precursor (m/z) and charge state (z), was generated by 119 

software Skyline based on previous MS data, as shown in Table S4 (MacLean et al., 2010). The 120 

peptide samples were scanned by Orbitrap Fusion Lumos mass spectrometer (Thermo Fisher 121 

Scientific) with a parallel reaction monitoring (PRM) method. The PRM data were analyzed by 122 

MaxQuant and Skyline, the peptides peak areas were exported for the quantification analysis. 123 

 124 

NPR1 and FLS2 accumulation 125 

To test the ability of AvrPtoB to inhibit NPR1 and FLS2 accumulation in Arabidopsis Col-0 and 126 

the snrk2.8 knockout. DC3000 -/- carrying the empty vector (EV) or a plasmid expressing wild-127 

type AvrPtoB were syringe infiltrated into Col-0 and snrk2.8 at a concentration of 1 × 108 CFU 128 

mL-1 and proteins extracted after 4h (NPR1) and 8h (FLS2). The immunoblot was performed by 129 

anti-NPR1 (Agrisera #AS12 1854; 1:1000) and anti-FLS2 (Agrisera #AS12 1857; 1:5000) 130 

primary antibody followed by anti-rabbit-HRP (BioRad #170-5046; 1:3000) secondary antibody. 131 

To test the ability of AvrPtoB phosphorylation mutants to inhibit NPR1 and FLS2 accumulation, 132 

AvrPtoB phospho-null mutants (S258A and S205AS210AS258A) and AvrPtoB phospho-mimic 133 

mutants (S258D and S205DS210DS258D) were generated by PCR-based site-directed 134 

mutagenesis. Primers are listed in Table S2. AvrPtoB variants were fused with C-terminal 3× 135 

FLAG tag in binary vector pTA7001, and NPR1 and FLS2 were separately fused with C-terminal 136 

HA tag and GFP tag in binary vector pEarleyGate 103 and pGWB14 (Earley et al., 2006; 137 

Nakagawa et al., 2007). The immunoblot was performed by anti-HA HRP (Roche 138 



#12013819001; 1:2,000), anti-FLAG (Sigma #A8592; 1:3000), and anti-GFP HRP (Miltenyi 139 

Biotec #130-091-833; 1:3,000). 140 
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