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Table S1. Bacterial strains and plasmids used in this study. 

Bacterial strains and 

plasmids 
Relevant feature(s) Source or reference 

Strains 

Escherichia coli 

DH5a 
EndA1 hsdR17 supE44 thi-1 recA1 gyrA96 relA1 (argF-lacZYA) U169 

φ80dlacZ, for DNA cloning 

Bethesda Research 

Laboratories 

BL21(DE3) F- ompT hsdSB(rB-mB-) gal dcm (DE3), for protein expression Invitrogen 

XL1 Blue Report strain for Bacterial Two-hybrid System Stratagene 

Agrobacterium fabrum 

C58 Nopaline type strain; pTiC58, pAtC58 
Thomashow et al. [55]. 

Knauf and Nester [56] 

Δy1 
Derivative of C58 in which cheY1 (atu0516) open reading frame 

(ORF) was deleted 
This study 

Δy2 Derivative of C58 in which cheY2 (atu0520) ORF was deleted This study 

Δy Derivative of C58 in which both cheY1 and cheY2 ORFs were deleted This study 

Δy1+y1 Δy1 in which cheY1 expression was restored by plasmid pUCA-Y1 This study 
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Δy2+y2 Δy2 in which cheY2 expression was restored by plasmid pUCA-Y2 This study 

Δy+y1 Δy in which cheY1 expression was restored by plasmid pUCA-Y1 This study 

Δy+y2 Δy in which cheY2 expression was restored by plasmid pUCA-Y2 This study 

Δa Derivative of C58 in which cheA (atu0517) ORF was deleted Huang et al. [27] 

Δaw 
Derivative of C58 in which cheA, cheW1 and cheW2 ORFs were 

deleted 
Huang et al. [27] 

Δay Derivative of C58 in which cheA, cheY1 and cheY2 ORFs were deleted This study 

Δays 
Derivative of C58 in which cheA, cheY1, cheY2 and cheS ORFs were 

deleted 
This study 

Plasmids 

pEX18Km 
Derivative of pEX18Tc in which Tcr was replaced by nptIII from 

pCB301; Kmr, Surs 
Huang et al. [27] 

pCB301-GFP A minim binary vector plasmid carrying the GFP ORF; Kmr Guo et al. [29] 

pUCA-19 pUC19 carrying an agrobacterial replicon; Apr, Crr Guo et al. [29] 

pET30a Expression vector; Kmr Novagen 

pGEX-4T-1 Expression vector; Apr, Crr GE Healthcare 

pUCA-Y1 pUCA-19, carrying 366 bp cheY1 ORF at HindIII and EcoRI; Apr, Crr This study 

pUCA-Y1A88R 
pUCA-19, carrying 366 bp CheY1A88R expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y1K91V 
pUCA-19, carrying 366 bp CheY1K91V expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y1R95A 
pUCA-19, carrying 366 bp CheY1R95A expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y1W102V 
pUCA-19, carrying 366 bp CheY1W102V expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y1V104A 
pUCA-19, carrying 366 bp CheY1V104A expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y1R118A 
pUCA-19, carrying 366 bp CheY1R118A expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y2 pUCA-19, carrying 390 bp cheY2 ORF at HindIII and  EcoRI; Apr, Crr This study 

pUCA-Y2R93A 
pUCA-19, carrying 390 bp CheY2R93A expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y2V96K 
pUCA-19, carrying 390 bp CheY2V96K expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y2A100R 
pUCA-19, carrying 390 bp CheY2A100R expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 
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pUCA-Y2V107W 
pUCA-19, carrying 390 bp CheY2V107W expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y2A109V 
pUCA-19, carrying 390 bp CheY2A109V expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pUCA-Y2A123R 
pUCA-19, carrying 390 bp CheY2A123R expression cassette at HindIII 

and EcoRI; Apr, Crr 
This study 

pEXY1 

pEX18Km carrying a 979 bp fragment at BamHI and XhoI, which 

consisted of 474 bp upstream of cheY1 and 505 bp downstream of 

cheY1; Kmr 

This study 

pEXY2 

pEX18Km carrying a 1,196 bp fragment at BamHI  and XhoI, which 

consisted of 596 bp upstream of cheY2 and 600 bp downstream of 

cheY2; Kmr 

This study 

pEXS 

pEX18Km carrying a 1,053 bp fragment at BamHI and XhoI, which 

consisted of 563 bp upstream of cheS and 490 bp downstream of cheS; 

Kmr 

This study 

pGEX-FliM pGEX-4T-1, carrying 960 bp fliM ORF at BamHI and SmaI; Apr, Crr This study 

pET30a-CheY1 
pET30a, carrying 363 bp cheY1 ORF without stop codon at NdeI and 

XhoI; Kmr 
This study 

pET30a-CheY2 
pET30a, carrying 387 bp cheY2 ORF without stop codon at NdeI and 

XhoI; Kmr 
This study 

pUCA-SGAW1 
pUCA19, carrying cheA-Cegfp and cheW1-Negfp expression cassette at 

HindIII and EcoRI; Apr, Crr 
This study 

pUCA-SGAY1 
pUCA19, carrying cheA-Cegfp and cheY1-Negfp expression cassette at 

HindIII and EcoRI; Apr, Crr 
This study 

pUCA-SGAY2 
pUCA19, carrying cheA-Cegfp and cheY2-Negfp expression cassette at 

HindIII and EcoRI; Apr, Crr 
This study 

pUCA-SGY12 
pUCA19, carrying cheY2-Cegfp and cheY1-Negfp expression cassette 

at HindIII and EcoRI; Apr, Crr 
This study 

pUCA-SGY1 
pUCA19, carrying Cegfp and cheY1-Negfp expression cassette at 

HindIII and EcoRI; Apr, Crr 
This study 

pUCA-SGAY1-Y2 
pUCA19, carrying cheA-Cegfp , cheY1-Negfp, and cheY2 ORF 

expression cassette at HindIII and EcoRI; Apr, Crr 
This study 

pUCA-SGAY2-Y1 
pUCA19, carrying cheA-Cegfp , cheY2-Negfp and cheY1 ORF 

expression cassette at HindIII and EcoRI; Apr, Crr 
This study 

Apr, Crr, Kmr, and Tcr = Resistant to ampicillin, carbenicillin, kanamycin, and tetracycline, respectively; Surs = sucrose 

sensitivity; ORF = open reading frame. 
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Table S2. Primers used in this study. 

Primers Sequence Purpose 

dY1-1 
5'-GACTCTAGAGGATCCCAGCGCCTCCGAGGCCG-

3' 

To amplify the upstream sequence of 

cheY1 

dY1-2 
5'-TCGTGAAATGTCCCGTATCACTTTTGCATCTCCT-

3' 

To amplify the upstream sequence of 

cheY1 

dY1-3 

5'-

TACGGGACATTTCACGATGGATATGAACGAAATC-

3' 

To amplify the downstream sequence of 

cheY1 

dY1-4 5'-TGCTGCCAACTCGAGCGGCTCGAAACCGCTTT-3' 
To amplify the downstream sequence of 

cheY1 

dY2-1 

5'-

GACTCTAGAGGATCCGGCGGGTCGTAAGGTCGTC-

3' 

To amplify the upstream sequence of 

cheY2 

dY2-2 

5'-

GCCGCAGCTTCCATCATTTAGTCAGCACCTTCTTTG

CG-3' 

To amplify the upstream sequence of 

cheY2 

dY2-3 
5'-

GAAGGTGCTGACTAAATGATGGAAGCTGCGGCC-3' 

To amplify the downstream sequence of 

cheY2 

dY2-4 
5'-TGCTGCCAACTCGAGCGGAGTGGTGGCGGTGTG-

3' 

To amplify the downstream sequence of 

cheY2 

dS-1 

5'-

GACTCTAGAGGATCCTTCCAGACCAACCTTCTCG-

3' 

To amplify the upstream sequence of cheS 

dS-2 5'-TTACATGACTCCCTGACGTC-3' To amplify the upstream sequence of cheS 

dS-3 
5'-

CAGGGAGTCATGTAAATGGATATGAACGAAATC-3' 

To amplify the downstream sequence of 

cheS 

dS-4 5'-TGCTGCCAACTCGAGCGGCTCGAAACCGCTTT-3' 
To amplify the downstream sequence of 

cheS 

pUCAY1-f 
5'-

GATTACGCCAAGCTTGGTGAAGAAAAAAGTTCT-3' 

To amplify the sequence of cheY1 

inserting pUCA19 

pUCAY1-r 5'-ACGGCCAGTGAATTCTCAGGCGGTTACGCGCT-3' 
To amplify the sequence of cheY1 

inserting pUCA19 

pUCAY2-f 
5'-GATTACGCCAAGCTTGATGTCTCTCGCAGAAAA-

3' 

To amplify the sequence of cheY2 

inserting pUCA19 

pUCAY2-r 5'-ACGGCCAGTGAATTCTCATTTCAGCGATCCGA-3' 
To amplify the sequence of cheY2 

inserting pUCA19 

SGA-f 

5'-

GATTACGCCAAGCTTGATGGATATGAACGAAATC-

3' 

To amplify the sequence of cheA fusing to 

Cegfp 
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SGA-r 

5'-

TCCACCCGACGTCCCAAGCTTACCCGTCGCCGCGA

GTG-3' 

To amplify the sequence of cheA fusing to 

Cegfp 

SGW1-f 5'-TTCGAGGATGCGACTATGTCCAACGCCATCAA-3' 
To amplify the sequence of cheW1 fusing 

to Negfp 

SGW1-r 
5'-AGAGCCAGAGCCACCGGCCGCTTCGCGCGCCA-

3' 

To amplify the sequence of cheW1 fusing 

to Negfp 

gfp-1 

5'-

GGTGGCTCTGGCTCTGGCTCGAGGGTGAGCAAGG

GCGAGGA-3' 

To amplify the N-terminal sequence of 

egfp 

gfp-2 

5'-

ACGGCCAGTGAATTCTTACTGCTTGTCGGCCATGA-

3' 

To amplify the N-terminal sequence of 

egfp 

gfp-3 

5'-

GGGACGTCGGGTGGAAGCGGTAAGAACGGCATCA

AGGTG-3' 

To amplify the C-terminal sequence of 

egfp 

gfp-4 

5'-

AGTCGCATCCTCGAATTCTTACTTGTACAGCTCGTC

-3'

To amplify the C-terminal sequence of 

egfp 

SGY2-1 5'-TTCGAGGATGCGACTATGTCTCTCGCAGAAAA-3' 
To amplify the sequence of cheY2 fusing 

to Negfp 

SGY2-2 
5'-

AGAGCCAGAGCCACCTTTCAGCGATCCGAAAAC-3' 

To amplify the sequence of cheY2 fusing 

to Negfp 

SGY2-3 
5'-GATTACGCCAAGCTTGATGTCTCTCGCAGAAAA-

3' 

To amplify the sequence of cheY2 fusing 

to Cegfp 

SGY2-4 

5'-

TCCACCCGACGTCCCAAGCTTTTTCAGCGATCCGA

AAAC-3' 

To amplify the sequence of cheY2 fusing 

to Cegfp 

SGY1-f 
5'-TTCGAGGATGCGACTGTGAAGAAAAAAGTTCT-

3' 

To amplify the sequence of cheY1 fusing 

to Negfp 

SGY1-r 
5'-AGAGCCAGAGCCACCGGCGGTTACGCGCTCAA-

3' 

To amplify the sequence of cheY1 fusing 

to Negfp 

Y1A88R-f 5'-GATCGGGAAAAGAAGAACCGCGC-3' To amplify the sequence of pUCA-Y1A88R 

Y1A88R-r 5'-GCTTTCGGTCGTCAGAAC-3' To amplify the sequence of pUCA-Y1A88R 

Y1K91V-f 5'-AAGGTGAACCGCGCCCGCCAGG-3' To amplify the sequence of pUCA-Y1K91V 

Y1K91V-r 5'-TTCCGCATCGCTTTCGGT-3' To amplify the sequence of pUCA-Y1K91V 

Y1R95A-f 5'-GCCCAGGCCGGTGCGACCG-3' To amplify the sequence of pUCA-Y1R95A 

Y1R95A-r 5'-GGCGCGGTTCTTCTTTTCC-3' To amplify the sequence of pUCA-Y1R95A 

Y1W102V-f 5'-GGCGTGATCGTCAAGCCGTTCGA-3' To amplify the sequence of pUCA-Y1W102V 
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Y1W102V-r 5'-GGTCGCACCGGCCTGGC-3' To amplify the sequence of pUCA-Y1W102V 

Y1V104A-f 5'-ATCGCCAAGCCGTTCGACCCTGC-3' To amplify the sequence of pUCA-Y1V104A 

Y1V104A-r 5'-CCAGCCGGTCGCACCGG-3' To amplify the sequence of pUCA-Y1V104A 

Y1R118A-f 5'-GAGGCCGTAACCGCCTGAGAAT-3' To amplify the sequence of pUCA-Y1R118A 

Y1R118A-r 5'-AATGGCATCGATGAGTTT-3' To amplify the sequence of pUCA-Y1R118A 

Y2R93A-f 5'-GCCGCGCTGGTGCAGAAGGC-3' To amplify the sequence of pUCA-Y2R93A 

Y2R93A-r 5'-GTCACCCTGCGCGGTGAG-3' To amplify the sequence of pUCA-Y2R93A 

Y2V96K-f 5'-CTGAAGCAGAAGGCAGCCCAGCT-3' To amplify the sequence of pUCA-Y2V96K 

Y2V96K-r 5'-CGCGCGGTCACCCTGCG-3' To amplify the sequence of pUCA-Y2V96K 

Y2A100R-f 5'-CGCCAGCTCGGCGCCAACAA-3' To amplify the sequence of pUCA-Y2A100R 

Y2A100R-r 5'-TGCCTTCTGCACCAGCGC-3' To amplify the sequence of pUCA-Y2A100R 

Y2V107W-f 5'-AACTGGCTGGCCAAGCCCTTCA-3' To amplify the sequence of pUCA-Y2V107W 

Y2V107W-r 5'-GTTGGCGCCGAGCTGGG-3' To amplify the sequence of pUCA-Y2V107W 

Y2A109V-f 5'-CTGGTCAAGCCCTTCACCATCGA-3' To amplify the sequence of pUCA-Y2A109V 

Y2A109V-r 5'-CACGTTGTTGGCGCCGAG-3' To amplify the sequence of pUCA-Y2A109V 

Y2A123R-f 5'- GAACGGGTTTTCGGATCGCTGAA-3' To amplify the sequence of pUCA-Y2A123R 

Y2A123R-r 5'-GATGGCCGCGCGCATCTT-3' To amplify the sequence of pUCA-Y2A123R 
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