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Information S1 
Plasmid construction and generation of in-frame deletion mutants 

The plasmid pJQ200KS-ΔtssF was created by ligating the SacI/BamHI-digested 
tssF PCR product 1 (~500 bp DNA fragment upstream of the tssF open reading frame 
[ORF]) and the BamHI/XmaI-digested tssF PCR product 2 (~500 bp DNA fragment 
downstream of the tssF ORF) into SacI/XmaI sites of pJQ200KS and used to generate 
the deletion mutant ΔtssF (EML1090). The rest of pJQ200KS derivatives 
(Supplementary Table S1) were created by ligating the XbaI/BamHI-digested PCR 
product 1 (~500 bp DNA fragments upstream of each target gene) and the 
BamHI/XmaI-digested PCR product 2 (~500 bp DNA fragments downstream of each 
target gene) into XbaI/XmaI sites of pJQ200KS and used to generate each of the 
deletion mutants (Supplementary Tables S1 and S2). For each in-frame deletion 
mutant confirmed by PCR, at least 2 independent colonies were selected to determine 
its ability in mediating Hcp secretion. 

For complementation, the gene of interest containing its ribosomal-binding 
sequence (RBS) and ORF was cloned to be driven by a lac promoter on the broad host 
range vector pRL662 [1]. The PCR products of tssK and clpV genes were digested by 
HindIII/XbaI and cloned into the same sites of pRL662 to create the plasmids pTssK 
and pClpV. The PCR-amplified fha and tssE genes were digested by BamHI/XbaI and 
cloned into the same sites of pRL662 to create the plasmids pFha and pTssE. The 
remaining genes were amplified with primers described in Supplementary Table S2, 
and the PCR products were digested by XhoI/XbaI and cloned into the same sites of 
pRL662 to create the plasmids pTssG, pTssF, pTssC40, pTssC41, pTssB, pTssA, pHcp, 
pAtu4346, pAtu4347, pVgrG-1, and pVgrG-2. 

To convert each of Δfha and ΔtssC41 back to the wild type (revertant), 
pJQ200KS derivatives harboring the fha and tssC41 genes, including their respective 
upstream and downstream regions, were used for double crossover. The 
PCR-amplified products were digested by XbaI/XmaI and cloned into the same sites 
of pJQ200KS to create the plasmids pJQ200KS-fha, and pJQ200KS-tssC41. The 
resulting revertants were designated as EML2137 & 2138 (fha R-1 and R-2), and 
EML2141 & 2142 (tssC41 R-1 and R-2), respectively. 

The expression vector pET22b(+) was used to overexpress proteins driven by the 
T7 promoter via IPTG induction in E. coli BL21 (DE3). Each ORF (without stop 
codon) of ppkA, tssK, fha, tssE, tssC41, tssB, tssA, atu4346, atu4347, atu4349, vgrG-1, 
rpoA, and aopB was PCR-amplified with primers described in Supplementary Table 
S2 and cloned into the same sites of pET22b(+) with appropriate enzyme sites. The 
tssB-tssC41 fragment (without stop codon) was PCR-amplified with primers described 
in Supplementary Table S2 and cloned into the same sites of pET22b(+) with 
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appropriate enzyme sites to create the plasmid pET-TssB-TssC41-His. The pppA and 
clpV ORFs (without stop codon) were PCR-amplified, digested by HindIII, and 
cloned into pET22b(+), which was first digested by NdeI, followed by Klenow repair, 
and finally digested by HindIII. To construct the pET-N-TssL-His for expressing the 
N terminus (residues 1 to 255) of TssL, the plasmid pAD-N-TssL [2] was digested by 
NdeI/XhoI and cloned into the same sites of pET22b(+). 

To construct the plasmids for expressing proteins without tag, each DNA 
fragment containing the RBS and ORF (with stop codon) of tssC41, hcp, atu4347, 
vgrG-1, and exoR-Sterp was PCR-amplified with primers described in Supplementary 
Table S2 and cloned into pTrc200 with appropriate enzyme sites to create the 
plasmids pTrc-TssC41, pTrc-Hcp, pTrc-Atu4347, pTrc-VgrG-1, and pTrc-ExoR-Strep. 

The plasmid pTssB-Strep used in Strep-Tag pull down assay was created by PCR 
amplifying tssB ORF with primers described in Supplementary Table S2 and cloned 
into the XhoI/XbaI sites of pRL662. 

For the constructs used for yeast two-hybrid, the tssC41 and tssB ORFs (without 
stop codon) were PCR-amplified with primers described in Supplementary Table S2, 
digested by NdeI/BamHI, and cloned into the same sites of pGBKT7 or pGADT7 to 
create the plasmids pGBKT7-TssC41, pGBKT7-TssB, pGADT7-TssC41, and 
pGADT7-TssB, respectively. 
 
Biochemical fractionation 

Isolation of A. tumefaciens cellular fractions was as described [2]. 
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Table S1. Bacterial strains and plasmids  
Strain /plasmid Relevant characteristics Source/    

reference 
A.tumefaciens   

C58 Wild type virulent strain containing 
nopaline-type Ti plasmid pTiC58 

Eugene 
Nester 

EML1213 Entire promoter region deletion mutant, 
C58Δpro 

This study 

EML1218 Entire imp operon deletion mutant, C58Δimp This study 
EML1060 ppkA(atu4330) in frame deletion mutant, 

C58ΔppkA 
This study 

EML1063 pppA (atu4331) in frame deletion mutant, 
C58ΔpppA 

This study 

EML1068 tssM (atu4332) in frame deletion mutant, 
C58ΔicmF 

[2] 

EML1073 tssL (atu4333) in-frame deletion mutant, 
C58ΔicmH 

[2] 

EML1078 tssK (atu4334) in frame deletion mutant, 
C58Δatu4334 

This study 

EML1521 fha (atu4335) in frame deletion mutant, C58Δfha This study 
EML1086 tssG (atu4336) in-frame deletion mutant, 

C58Δatu4336 
This study 

EML1090 tssF (atu4337) in frame deletion mutant, 
C58Δatu4337 

This study 

EML1093 tssE (atu4338) in frame deletion mutant, 
C58Δatu4338 

This study 

EML1097 tagJ (atu4339) in frame deletion mutant, 
C58Δatu4339 

This study 

EML1100 tssC40 (atu4340) in frame deletion mutant, 
C58Δatu4340 

This study 

EML1105 tssC41 (atu4341) in frame deletion mutant, 
C58ΔvipB 

This study 

EML1109 tssB (atu4342) in frame deletion mutant, 
C58ΔvipA 

This study 

EML1113 tssA (atu4343) in-frame deletion mutant, 
C58Δatu4343 

This study 

EML1117 clpV (atu4344) in frame deletion mutant, 
C58ΔclpV 

This study 
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EML1122 hcp (atu4345) in frame deletion mutant, 
C58Δhcp 

This study 

EML1127 atu4346 in frame deletion mutant, C58Δatu4346 This study 
EML1131 atu4347 in frame deletion mutant, C58Δatu4347 This study 
EML1134 vgrG-1 (atu4348) in frame deletion mutant, 

C58ΔvgrG-1 
This study 

EML1137 atu4349 in frame deletion mutant, C58Δatu4349 This study 
EML1142 atu4350 in frame deletion mutant, C58Δatu4350 This study 
EML1145 atu4352 in frame deletion mutant, C58Δatu4352 This study 
EML1166 vgrG-2 (atu3642) in frame deletion mutant, 

C58ΔvgrG-2 
This study 

EML1289 vgrG-1 and vgrG-2 double in frame deletion 
mutant, C58ΔvgrG-1/-2 

This study 

EML3553 atu4346 and atu4347 double in frame deletion 
mutant, C58Δatu4346Δatu4347 

This study 

EML3700 aopB in frame deletion mutant, C58ΔaopB This study 
EML2137 Complementation of fha gene to linear 

chromosome of Δfha strain, revertant strain of 
Δfha-1 

This study 

EML2138 Complementation of fha gene to linear 
chromosome of Δfha strain, revertant strain of 
Δfha-2 

This study 

EML2141 Complementation of tssC41 gene to linear 
chromosome of ΔtssC41 strain, revertant strain of 
ΔtssC41-1 

This study 

EML2142 Complementation of tssC41 gene to linear 
chromosome of ΔtssC41 strain, revertant strain of 
ΔtssC41-2 

This study 

EML829 ΔactCBA, deletion of actCBA in NT1RE [4] 
E. coli   

DH10B Host for DNA cloning Invitrogen 
BL21(DE3) Host for overexpressing proteins driven by T7 

promoter 
[5] 

S. cerevisiae   
AH109 Host for yeast two-hybrid analysis Clontech 
Plasmids   
pRL662 Gmr, broad-host range vector derived from 

pBBR1MCS-2 
[1] 
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pET22b(+) Apr, E. coli overexpression vector to generate 
C-terminal His-tagged protein 

Novagen 

pJQ200KS Gmr, suicide plasmid containing Gmr and sacB 
gene for selection of double crossover 

[6] 

pTrc200 SpR , pVS1 origin lacIq, trc promoter expression 

vector 

[7] 

pGADT7 Apr, AD vector used in yeast two-hybrid assay Clontech 

pGBKT7 Kmr, DNA-BD vector used in yeast-two hybrid 

assay 

Clontech 

pTssM Gmr, pRL662 expressing TssM driven by lacZp [3] 
pTssL Gmr, pRL662 expressing TssL driven by lacZp [2] 
pTssK Gmr, pRL662 expressing TssK driven by lacZp This study 
pFha Gmr, pRL662 expressing Fha driven by lacZp This study 
pTssG Gmr, pRL662 expressing TssG driven by lacZp This study 
pTssF Gmr, pRL662 expressing TssF driven by lacZp This study 
pTssE Gmr, pRL662 expressing TssE driven by lacZp This study 
pTssC40 Gmr, pRL662 expressing TssC40 driven by lacZp This study 
pTssC41 Gmr, pRL662 expressing TssC41 driven by lacZp This study 
pTssB Gmr, pRL662 expressing TssB driven by lacZp This study 
pTssA Gmr, pRL662 expressing TssA driven by lacZp This study 
pClpV Gmr, pRL662 expressing ClpV driven by lacZp This study 
pHcp Gmr, pRL662 expressing Hcp driven by lacZp This study 
pAtu4346 Gmr, pRL662 expressing Atu4346 driven by 

lacZp 
This study 

pAtu4347 Gmr, pRL662 expressing Atu4347 driven by 
lacZp 

This study 

pVgrG-1 Gmr, pRL662 expressing VgrG-1 driven by 
lacZp 

This study 

pVgrG-2 Gmr, pRL662 expressing VgrG-2 driven by 
lacZp 

This study 

pTssB-Strep Gmr, pRL662 expressing TssB-Strep fusion 
protein driven by lacZp 

This study 

pET-PpkA-His Apr, pET22b overexpressing His-tagged PpkA in 
E coli 

This study 

pET-PppA-His Apr, pET22b overexpressing His-tagged PppA in 
E coli 

This study 
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pET-N-TssL-His Apr, pET22b overexpressing His-tagged N 
terminus of TssL (residues 1 to 255) in E. coli 

This study 

pET-TssK-His Apr, pET22b overexpressing His-tagged TssK in 
E coli 

This study 

pET-Fha-His Apr, pET22b overexpressing His-tagged Fha in E 
coli 

This study 

pET-TssE-His Apr, pET22b overexpressing His-tagged TssE in 
E coli 

This study 

pET-TssC41-His Apr, pET22b overexpressing His-tagged TssC41 
in E coli 

This study 

pET-TssB-His Apr, pET22b overexpressing His-tagged TssB in 
E coli 

This study 

pET-TssA-His Apr, pET22b overexpressing His-tagged TssA in 
E coli 

This study 

pET-ClpV-His Apr, pET22b overexpressing His-tagged ClpV in 
E coli 

This study 

pET-Hcp-His Apr, pET22b overexpressing His-tagged Hcp in 
E coli 

[3] 

pET-Atu4346-His Apr, pET22b overexpressing His-tagged 
Atu4346 in E coli 

This study 

pET-Atu4347-His Apr, pET22b overexpressing His-tagged 
Atu4347 in E coli 

This study 

pET-VgrG-1-His Apr, pET22b overexpressing His-tagged VgrG-1 
in E coli 

This study 

pET-TssB-TssC41-His Apr, pET22b overexpressing TssB and 
His-tagged TssC41 in E coli 

This study 

pET-RpoA-His Apr, pET22b overexpressing His-tagged 
Atu1923 (RpoA) in E coli 

This study 

pET-AopB-His Apr, pET22b overexpressing His-tagged 
Atu1131 (AopB) in E coli 

This study 

pJQ200KS-Δpro Gmr, used in generating entire promoter region 
deletion mutant of A. tumefaciens C58 

This study 

pJQ200KS-Δimp Gmr, used in generating entire imp operon 
deletion mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔppkA Gmr, used in generating ppkA in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔpppA Gmr, used in generating pppA in-frame deletion 
mutant of A. tumefaciens C58 

This study 
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pJQ200KS-ΔtssK Gmr, used in generating tssK in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-Δfha Gmr, used in generating fha in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔtssG Gmr, used in generating tssG in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔtssF Gmr, used in generating tssF in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔtssE Gmr, used in generating tssE in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔtagJ Gmr, used in generating tagJ in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔtssC40 Gmr, used in generating tssC40 in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔtssC41 Gmr, used in generating tssC41 in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔtssB Gmr, used in generating tssB in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔtssA Gmr, used in generating tssA in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔclpV Gmr, used in generating clpV in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-Δhcp Gmr, used in generating hcp in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-Δatu4346 Gmr, used in generating atu4346 in-frame 
deletion mutant of A. tumefaciens C58 

This study 

pJQ200KS-Δatu4347 Gmr, used in generating atu4347 in-frame 
deletion mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔvgrG-1 Gmr, used in generating vgrG-1 in-frame 
deletion mutant of A. tumefaciens C58 

This study 

pJQ200KS-Δatu4349 Gmr, used in generating atu4349 in-frame 
deletion mutant of A. tumefaciens C58 

This study 

pJQ200KS-Δatu4350 Gmr, used in generating atu4350 in-frame 
deletion mutant of A. tumefaciens C58 

This study 

pJQ200KS-Δatu4352 Gmr, used in generating atu4352 in-frame 
deletion mutant of A. tumefaciens C58 

This study 

pJQ200KS-ΔvgrG-2 Gmr, used in generating vgrG-2 in-frame 
deletion mutant of A. tumefaciens C58 

This study 
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pJQ200KS-Δ46Δ47 Gmr, used in generating atu4346 and 
atu4347double in-frame deletion mutant of A. 
tumefaciens C58 

This study 

pJQ200KS-ΔaopB Gmr, used in generating aopB in-frame deletion 
mutant of A. tumefaciens C58 

This study 

pJQ200KS-fha Gmr, used in generating revertant strain of Δfha This study 
pJQ200KS-tssC41 Gmr, used in generating revertant strain of 

ΔtssC41 
This study 

pTrc-TssC41 SpR, pTrc200 expressing TssC41 without tag This study 
pTrc-Hcp SpR, pTrc200 expressing Hcp without tag This study 
pTrc-Atu4347 SpR, pTrc200 expressing Atu4347 without tag This study 
pTrc-VgrG-1 SpR, pTrc200 expressing VgrG-1 without tag This study 
pTrc-ExoR-Strep SpR, pTrc200 expressing ExoR-Strep fusion 

protein 
This study 

pGBKT7-TssC41 Kmr, DNA-BD vector expressing TssC41 This study 
pGBKT7-TssB Kmr, DNA-BD vector expressing TssB This study 
pGBKT7-53 Kmr, DNA-BD vector expressing murine p53  Clontech 
pGADT7-TssC41 APr, AD vector expressing TssC41 This study 
pGADT7-TssB APr, AD vector expressing TssB This study 
pGADT7-T Apr, AD vector expressing SV40 large T-antigen Clontech 
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Table S2. Primers used in this study 
Primer Plasmids Sequence (5 '-3')a Source / 

reference 
1. Promoter deletion 
1F-XbaI 

pJQ200KS-Δpro  5'-GCTCTAGAGCCTCTCCTGAACTTGTCAGC-3' This study 

2. Promoter deletion 
1R-BamHI 

5'-CGGGATCCATGTCGCATATCGATCTCAATCG-3' This study 

3. Promoter deletion 
2F-BamHI 

5'-CGGGATCCTTGGATACACAGCATGTTAAAAG-3' This study 

4. Promoter deletion 
2R-XmaI 

5'-TCCCCCCGGGGCTATCCGGTACAGTTCTTCG-3' This study 

5. Imp deletion 1F-XbaI pJQ200KS-Δimp 5'-GCTCTAGACTGCCGTGAGGATGTTCTGG-3' This study 
6. Imp deletion 
1R-BamHI 

5'-CGGGATCCCAAGAGTAGTCTATCCCCAG-3' This study 

7. Imp deletion 
2F-BamHI 

5'-CGGGATCCCTGTAGCGCCGGCGTCAGTTG-3' This study 

8. Imp deletion 
2R-XmaI 

5'-TCCCCCCGGGCGGGAAGACCGTCAGAACATCC-3
' 

This study 

9. PpkA 1F-XbaI pJQ200KS-ΔppkA 5'-GCTCTAGAGGAGATGATGGCACAGCAGATC-3' This study 
10. PpkA 1R-BamHI 5'-CGGGATCCCCGCATGCCATCATGGCGAATG-3' This study 
11. PpkA 2F-BamHI 5'-CGGGATCCCTGTAGCGCCGGCGTCAGTTG-3' This study 
12. PpkA 2R-XmaI 5'-TCCCCCCGGGCCCGTCAGGAGCGTGTACTTG-3' This study 
13. PppA 1F-XbaI pJQ200KS-ΔpppA 5'-GCTCTAGAGCCCAGTTCGAAAATGCCGAC-3' This study 
14. PppA 1R-BamHI 5'-CGGGATCCATCGGCCATCAGTTGCGATTG-3' This study 
15. PppA 2F-BamHI 5'-CGGGATCCGGCTAGACATCCACTTGATGAG-3' This study 
16. PppA 2R-XmaI 5'-TCCCCCCGGGCGAAGGATCGAGATCACCTGC-3' This study 
17. TssK 1F-XbaI pJQ200KS-ΔtssK 5'-GCTCTAGAGATACAGACGAAGACCCGATC-3' This study 
18. TssK 1R-BamHI 5'-CGGGATCCATGTCTCATCGTGGTTGTTTAC-3' This study 
19. TssK 2F-BamHI 5'-CGGGATCCGAATGAGCACGGACAACCCCT-3' This study 
20. TssK 2R-XmaI 5'-TCCCCCCGGGTTGTGGAAGGTGGAAACGAGG-3' This study 
21. Fha 1F-XbaI pJQ200KS-Δfha 5'-GCTCTAGATGCCGAAGACACACTTCTGC-3' This study 
22. Fha 1R-BamHI 5'-CGGGATCCCTTCATGTCCTGGCCCTCAC-3' This study 
23. Fha 2F-BamHI 5'-CGGGATCCACATGAGAACCGTGTTGCCTG-3' This study 
24. Fha 2R-XmaI 5'-TCCCCCCGGGGGAGGAATGAAATCCGGATCG-3' This study 
25. TssG 1F-XbaI pJQ200KS-ΔtssG 5'-GCTCTAGATGGTAGCGAGCATCGACACG-3' This study 
26. TssG 1R-BamHI 5'-CGGGATCCGTCCATCCCGGTCTCCTAAAG-3' This study 
27. TssG 2F-BamHI 5'-CGGGATCCGTGTGAGGGCCAGGACATGAA-3' This study 
28. TssG 2R-XmaI 5'-TCCCCCCGGGACGTTGCGCGAAATGGACTTC-3' This study 
29. TssF 1F-SacI pJQ200KS-ΔtssF 5'-GGAGCTCGCTCGTCAGTCTGAAGGATC-3' This study 
30. TssF 1R-BamHI 5'-CGGGATCCGCCGTCAGCCATTCGTCG-3' This study 
31. TssF 2F-BamHI 5'-CGGGATCCCCGTTGCTTTAGGAGACC-3' This study 
32. TssF 2R-XmaI 5'-TCCCCCCGGGTCGCACAGCATGGAGGTG-3' This study 
33. TssE 1F-XbaI pJQ200KS-ΔtssE 5'-GCTCTAGATGGCTGCACGCAATGCGTGG-3' This study 
34. TssE 1R-BamHI 5'-CGGGATCCATCAACCACGGGCGATCTGC-3' This study 
35. TssE 2F-BamHI 5'-CGGGATCCAATGGCTGACGGCTTCCTCG-3' This study 
36. TssE 2R-XmaI 5'-TCCCCCCGGGAACGGCTGGTCAGCTGGACG-3' This study 
37. TagJ 1F-XbaI pJQ200KS-ΔtagJ 5'-GCTCTAGATCTCGGCATCGAGAGCAACG-3' This study 
38. TagJ 1R-BamHI 5'-CGGGATCCTGCAGCCATGGCGCGCAGC-3' This study 
39. TagJ 2F-BamHI 5'-CGGGATCCCGTGGTTGATCCGCTGGAGC-3' This study 
40. TagJ 2R-XmaI 5'-TCCCCCCGGGTCAGCCATTCGTCGCCTCCA-3' This study 
41. TssC40 1F-XbaI pJQ200KS-ΔtssC40 5'-GCTCTAGATCAAGGCGATCTACGAAGACG-3' This study 
42. TssC40 1R-BamHI 5'-CGGGATCCGATCACCCCGGTCCGTGCTC-3' This study 
43. TssC40 2F-BamHI 5'-CGGGATCCGCATGACGCTGCGCGACGA-3' This study 
44. TssC40 2R-XmaI 5'-TCCCCCCGGGTCAACCACGGGCGATCTGC-3' This study 
45. TssC41 1F-XbaI pJQ200KS-ΔtssC41 5'-GCTCTAGATGCCAAGGGGCATCAAGGAG-3' This study 
46. TssC41 1R-BamHI 5'-CGGGATCCAGCGCTCATGTTTCAGTCCTTC-3' This study 
47. TssC41 2F-BamHI 5'-CGGGATCCAAGAACTGAGCACGGACCG-3' This study 
48. TssC41 2R-XmaI 5'-TCCCCCCGGGAAGTCATGAACCCGGCTGAG-3' This study 
49. TssB 1F-XbaI pJQ200KS-ΔtssB 5'-GCTCTAGACAGTCTCTGGGATTTCCAGC-3' This study 
50. TssB 1R-BamHI 5'-CGGGATCCCCTTGGCATAGATGACTGTTG-3' This study 
51. TssB 2F-BamHI 5'-CGGGATCCAGCGAATAATCGCCTGTGCG-3' This study 
52. TssB 2R-XmaI 5'-TCCCCCCGGGTCGAAGGAATTGCCGAATTCG-3' This study 
53. TssA 1F-XbaI pJQ200KS-ΔtssA 5'-GCTCTAGAGAGCTGCGAAGACGCTCAAG-3' This study 
54. TssA 1R-BamHI 5'-CGGGATCCTGTATCCAAGAGTAGTCTATCC-3' This study 
55. TssA 2F-BamHI 5'-CGGGATCCAAATAAGCAACTCGGGACGAG-3' This study 
56. TssA 2R-XmaI 5'-TCCCCCCGGGTTATTCGCTCGCGCCGTTCT-3' This study 
57. ClpV 1F-XbaI pJQ200KS-ΔclpV 5'-GCTCTAGATCTTCGTCATTATCGTCGCTG-3' This study 
58. ClpV 1R-BamHI 5'-CGGGATCCATGCGACATGCAATGAGCCTC-3' This study 
59. ClpV 2F-BamHI 5'-CGGGATCCCATTAAACGAAGGGTAACTCG-3' This study 
60. ClpV 2R-XmaI 5'-TCCCCCCGGGTAGGAAGCGATCATCGGAGAC-3' This study 
61. Hcp 1F-XbaI pJQ200KS-Δhcp 5'-GCTCTAGAGGAGCTTACCAAACAGTTCAAG-3' This study 
62. Hcp 1R-BamHI 5'-CGGGATCCTGGCATGCTCTAAGCTCCTG-3' This study 
63. Hcp 2F-BamHI 5'-CGGGATCCGCTGCTTGATAGCCATGCGAC-3' This study 
64. Hcp 2R-XmaI 5'-TCCCCCCGGGTCTGCTCACAGGGAAAGGAG-3' This study 
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65. Atu4346 1F-XbaI pJQ200KS-Δatu434
6 

5'-GCTCTAGAGGTCATTTCAGCTACAGGAGC-3' This study 
66. Atu4346 1R-BamHI 5'-CGGGATCCCTGCAATGAAAACGTTCCGGTG-3' This study 
67. Atu4346 2F-BamHI 5'-CGGGATCCAACTAGTGGGACGAGCCATG-3' This study 
68. Atu4346 2R-XmaI 5'-TCCCCCCGGGGCGAAGACACTTTCAGAACAC-3' This study 
69. Atu4347 1F-XbaI pJQ200KS-Δatu434

7 
5'-GCTCTAGACAAGGCTGCTTGATAGCCATG-3' This study 

70. Atu4347 1R-BamHI 5'-CGGGATCCGCGCATGGCTCGTCCCACTAG-3' This study 
71. Atu4347 2F-BamHI 5'-CGGGATCCTCCTGATTTAGGAGTGTCCCA-3' This study 
72. Atu4347 2R-XmaI 5'-TCCCCCCGGGTCCGTCTCGTTAAACTGAACG-3' This study 
73. VgrG-1 1F-XbaI pJQ200KS-ΔvgrG-1 5'-GCTCTAGAATGCGCGTTAACTTTGACACC-3' This study 
74. VgrG-1 1R-BamHI 5'-CGGGATCCGTTCATGGGACACTCCTAAATC-3' This study 
75. VgrG-1 2F-BamHI 5'-CGGGATCCATTTGATTATGAACGACACACC-3' This study 
76. VgrG-1 2R-XmaI 5'-TCCCCCCGGGTAAAACGACGCAATCCGCAGG-3' This study 
77. Atu4349 1F-XbaI pJQ200KS-Δatu434

9 
5'-GCTCTAGAGCATCATGAACACGATCATCG-3' This study 

78. Atu4349 1R-BamHI 5'-CGGGATCCGTTCATAATCAAATCCTGACAAAC-3' This study 
79. Atu4349 2F-BamHI 5'-CGGGATCCGCATGAGTGCGACGACAACTG-3' This study 
80. Atu4349 2R-XmaI 5'-TCCCCCCGGGTTCGCAGCCTGTTCCTTATAG-3' This study 
81. Atu4350 1F-XbaI pJQ200KS-Δatu435

0 
5'-GCTCTAGACAATCCTGACAAGGCCACAGC-3' This study 

82. Atu4350 1R-BamHI 5'-CGGGATCCACTCATGCGGGCGCTCCGGA-3' This study 
83. Atu4350 2F-BamHI 5'-CGGGATCCTCTTGAGCAGTTTAATATTCTTG-3' This study 
84. Atu4350 2R-XmaI 5'-TCCCCCCGGGATAAGCTTACCTTTCTCGTCC-3' This study 
85. Atu4352 1F-XbaI pJQ200KS-Δatu435

2 
5'-GCTCTAGATGGAAGCAAGGCTATTTTCAG-3' This study 

86. Atu4352 1R-BamHI 5'-CGGGATCCGACCATTTAAATATCCCTCTAG-3' This study 
87. Atu4352 2F-BamHI 5'-CGGGATCCGAGTGACGACGATATCCAGC-3' This study 
88. Atu4352 2R-XmaI 5'-TCCCCCCGGGCTCGATCTTGAAATCACCGAG-3' This study 
89. VgrG-2 1F-XbaI pJQ200KS-ΔvgrG-2 5'-GCTCTAGATCGCTGAGTGATCGCCATCG-3' This study 
90. VgrG-2 1R-BamHI 5'-CGGGATCCATTCATCAGGAACCTCGATAGC-3' This study 
91. VgrG-2 2F-BamHI 5'-CGGGATCCAACTGAAGGAGGCCGGGTCTT-3' This study 
92. VgrG-2 2R-XmaI 5'-TCCCCCCGGGCAGAAGATTGCGACGCTCCAC-3' This study 
93. AopB 1F-XbaI pJQ200KS-ΔaopB 5'-GCTCTAGATGTGTCAGATCTGCCTGAACG-3' This study 
94. AopB 1R-BamHI 5'-CGGGATCCACGCATGTTATTCTCCTTTCAG-3' This study 
95. AopB 2F-BamHI 5'-CGGGATCCTTCTGATCCTTCTCGGATCG-3' This study 
96. AopB 2R-XmaI 5'-TCCCCCCGGGTGACAGCGTGACGATCATGC-3' This study 
97. TssK comN-HindIII pTssK 5'-CCCAAGCTTGTCCGCACGGGAGACTGACG-3' This study 
98. TssK comC-XbaI 5'-GCTCTAGACGGCAAATCCTGCCAGGAAG-3' This study 
99. Fha comN-BamHI pFha 5'-CGGGATCCCGATGCTGTTGTGACCGAGC-3' This study 
100. Fha comC-XbaI 5'-GCTCTAGAATGCCCTCGCTCCAGGCAAC-3' This study 
101. TssG comN-XhoI pTssG 5'-CCGCTCGAGTGGCCATTCCAAACCAATTGC-3' This study 
102. TssG comC-XbaI 5'-GCTCTAGATTGAGTGCAAGCTTCATGTCC-3' This study 
103. TssF comN-XhoI pTssF 5'-CCGCTCGAGCAGCTTTGAATCCCGCATCG-3' This study 
104 .TssF comC-XbaI 5'-GCTCTAGATGGTTGGCATTTGCTGGTCC-3' This study 
105. TssE 
comN-BamHI 

pTssE 5'-CGGGATCCATGTGGTGCCGTTTCACGAG-3' This study 

106. TssE comC-XbaI 5'-GCTCTAGAGCTCGTCATTGTATTTTTCGAG-3' This study 
107. TssC40 comN-XhoI pTssC40 5'-CCGCTCGAGAGAACTGACGACCTCGCTGC-3' This study 
108. TssC40 comC-XbaI 5'-GCTCTAGAAGCTGGTTATCGTCCAGGAG-3' This study 
109. TssC41 comN-XhoI pTssC41 (109&111), 

pTrc-TssC41 
(110&111) 

5'-CCGCTCGAGGGCATTTTCAAAGCCGCATG-3' This study 
110. TssC41 comN-NcoI 5'-CATGCCATGGGGCATTTTCAAAGCCGCATG-3' This study 
111. TssC41 comC-XbaI 5'-GCTCTAGACTGATCACCCCGGTCCGTG-3' This study 
112. TssB comN-XhoI pTssB (112&113), 

pTssB-Strep 
(112&114) 

5'-CCGCTCGAGGAGACAATAACGGGAAATAAGC-3' This study 
113. TssB comC-XbaI 5'-GCTCTAGAGGAGGTTTTCCTCCGCACAG-3' This study 
114. TssB Strep 
comC-XbaI 

5'-GCTCTAGATTACTTTTCGAACTGCGGGTGGCTCC
ATTCGCTCGCGCCGTTCTTTTCC-3' 

This study 

115. TssA comN-XhoI pTssA 5'-CCGCTCGAGCCTCACGTAAGGGAAGTAAC-3' This study 
116. TssA comC-XbaI 5'-GCTCTAGACTTGGCATAGATGACTGTTGC-3' This study 
117. ClpV 
comN-HindIII 

pClpV 5'-CCCAAGCTTTATTCCACGTCACGTTGTGG-3' This study 

118. ClpV comC-XbaI 5'-GCTCTAGACCTGTAGCTGAAATGACCTC-3' This study 
119. Hcp comN-XhoI pHcp (119&121), 

pTrc-Hcp 
(120&121) 

5'-CCGCTCGAGTAACTCGGCCTCGGAGCAAG-3' This study 
120. Hcp F1 5'-CATGCCATGG TAACTCGGCCTCGGAGCAAG-3' This study 
121. Hcp comC-XbaI 5'-GCTCTAGACGACGTGAGCTGCAAACTGC-3' This study 
122. Atu4346 
comN-XhoI 

pAtu4346 5'-CCGCTCGAGTGCTTGATAGCCATGCGACC-3' This study 

123. Atu4346 
comC-XbaI 

5'-GCTCTAGAGTCAAAGTTAACGCGCATGG-3' This study 

124. Atu4347 
comN-XhoI 

pAtu4347 
(124&126), 

pTrc-Atu4347 
(125&126) 

5'-CCGCTCGAGAACAGGCAGCAACCCTCGTG-3' This study 

125. Atu4347 BamHI F 5'-CGCGGATCCACTAGTGGGACGAGCCATGC-3' This study 
126. Atu4347 
comC-XbaI 

5'-GCTCTAGACAGAAACCGAAGGCTGGTCG-3' This study 

127. VgrG-1 
comN-XhoI 

pVgrG-1 
(127&129), 

pTrc-VgrG-1 
(128&129) 

5'-CCGCTCGAGCGGAAACGATCTGGTTCTGG-3' This study 

128. VgrG-1 
comN-NcoI 

5'-CATGCCATGGCGGAAACGATCTGGTTCTGG-3' This study 

129. VgrG-1 
comC-XbaI 

5'-GCTCTAGATCAATTATGGGTGTGTCGTTC-3' This study 
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130. VgrG-2 
comN-XhoI 

pVgrG-2 5'-CCGCTCGAGCGAGATTTTGACAGCTGATTG-3' This study 

131. VgrG-2 
comC-XbaI 

5'-GCTCTAGAGGTTCTGAAGTTCCAAGACC-3' This study 

132. PpkA F-NdeI pET-PpkA-His 5'-GAACATATGCGGGAAAGAAGCGATCAG-3' This study 
133. PpkA R-XhoI 5'-CCGCTCGAGCAGAAGCTGTAGCGCTTCCG-3' This study 
134. PppA F pET-PppA-His 5'-TGGCCGATCAGGCATCAAGG-3' This study 
135. PppA R-HindIII 5'-CCCAAGCTTGCCTTGCTCACGCCGGTTTC-3' This study 
136. TssK F-NdeI pET-TssK-His 5'-GAACATATGAGACATGAGAACCGTGTTG-3' This study 
137. TssK R-HindIII 5'-CCCAAGCTTTTCGCGTAACGCCCACATTTC-3' This study 
138. Fha F-NdeI pET-Fha-His 5'-GAACATATGAAGCTTGCACTCAAGAACAC-3' This study 
139. Fha R-SalI 5'-CGCGTCGACTGTCTCATCGTGGTTGTTTACC-3' This study 
140. TssE F-NdeI pET-TssE-His 5'-GAACATATGGTTGATCCGCTGGAGCAATATC-3' This study 
141. TssE R-SalI 5'-CGCGTCGACGCCATTCGTCGCCTCCACCAAG-3' This study 
142. TssC41 F-NdeI pET-TssC41-His 

pET-TssB-TssC41-H
is (144&143) 

5'-GAACATATGAGCGCTGAAAGCCTGC-3' This study 
143. TssC41 R-XhoI-a 5'-CCGCTCGAGGTTCTTGGACGGAATACG-3' This study 

144. TssB F-NdeI pET-TssB-His 
pET-TssB-TssC41-H

is (144&143) 

5'-GAACATATGCCAAGGGGCATCAAGGA-3' This study 
145. TssB R-XhoI 5'-CCGCTCGAGTTCGCTCGCGCCGTTCTTTTC-3' This study 

146. TssA F-NdeI pET-TssA-His 5'-GAACATATGGATACACAGCATGTTAAAAGAG-3' This study 
147. TssA R-XhoI 5'-CCGCTCGAGTTTCCCGTTATTGTCTCCGC-3' This study 
148. ClpV F pET-ClpV-His 5'-TGTCGCATATCGATCTCAATCG-3' This study 
149. ClpV R-HindIII 5'-CCCAAGCTTATGCCGCATGCGTCGGGTAGC-3' This study 
150. Atu4346 F-NdeI pET-Atu4346-His 5'-GAACATATGCAGTTTGCAGCTCACGTCGTG-3' This study 
151. Atu4346 R-XhoI 5'-CCGCTCGAGGTTACTTTTCTGCTCACAGGGA-3' This study 
152. Atu4347 F-NdeI pET-Atu4347-His 5'-GAACATATGCGCGTTAACTTTGACACC-3' This study 
153. Atu4347 R-XhoI 5'-CCGCTCGAGGGACCCGCGGCTGGCCTGCA-3' This study 
154. Atu4349 F-NdeI pET-Atu4349-His 5'-GAACATATGAACGACACACCCATAATTG-3' This study 
155. Atu4349 R-XhoI 5'-CCGCTCGAGTGCGGGCGCTCCGGATGCTG-3' This study 
156. VgrG-1 F-NdeI pET-VgrG-1-His 5'-GAACATATGAACGACCAGCCTTCGGTTTC-3' This study 
157. VgrG-1 R-XhoI 5'-CCGCTCGAGAATCCTGACAAACGGTGTGGAA-3' This study 
158. RpoA F-NdeI pET-RpoA-His 5'-GAACATATGATTCAGAAGAACTGGCAGG-3' This study 
159. RpoA R-XhoI 5'-CCGCTCGAGGTATTGGTCTTCGTAACGCTTTG-3' This study 
160. AopB F-NdeI pET-AopB-His 5'-GAACATATGATGCGTATTTTCGTAGCAACC -3' This study 
161. AopB R-XhoI 5'-CCGCTCGAGGAACTTGACGCCGATACCG-3' This study 
162. ExoR F (XmaI) pTrC-ExoR-Strep 5'-GCCCGGGAGTGAGAGAAGTTCGCCGAAATGC-3' [8] 
163. ExoR C-Strep 
R-XbaI 

5'-GCTCTAGATCACTTTTCGAACTGCGGGTGGCTCC
AATCCGGATCGTTGAACTGCATG-3' 

This study 

164. TssC41 R-BamHI pGBKT7-TssC41 

(142&164) 
pGADT7-TssC41 

(142&164) 

5'-CGGGATCCGTTCTTGGACGGAATACG-3' This study 

165. TssB-BamHI pGBKT7-TssB 
(144&165) 

pGADT7-TssB 
(144&165) 

5'-CGGGATCCTTCGCTCGCGCCGTTCTTTTC-3' This study 

166. Atu4329 RT1  
 

5'-GGAAGACCGTCAGAACATCC-3' This study 
167. Atu4329 
RT2-BamHI 

5'-CGGGATCCGACGTGATAGATCACCGGTC-3' This study 

168. PpkA-RT1  
 

5'-CAGGTGATCTCGATCCTTCG-3' This study 
169. PpkA-RT2-BamHI 5'-CGGGATCCGTCCCACGGCGTATATGTCC-3' This study 
170. TssG-RT1  

 
5'-GGGAACAGGACAACGGTTTC-3' This study 

171. TssG-RT2-BamHI 5'-CGGGATCCTGTCCGAGCTGGCTTTGTTC-3' This study 
172. TssA-RT1  5'-CATGTCTTCCCATCTGGCAG-3' This study 
173. TssA-RT2-BamHI  5'-CGGGATCCGAGTTTCAAACGCCTCATCG-3' This study 
174. ClpV-RT1  5'-AGAAACTGCGCAATGTCTGC-3' This study 
175. ClpV-RT2-BamHI  5'-CGGGATCCTGCGGGCTTAAGAATATTCG-3' This study 
176. VgrG-1-RT1  5'-ACCGTAACCACATCAACGACTG-3' This study 
177. 
VgrG-1-RT2-BamHI 

 5'-CGGGATCCAATACGCGTGGTCGATGAGC-3' This study 

178. Atu4352-RT1  5'-CACGCTGAAAGGTCATATGC-3' This study 
179. 
Atu4352-RT2-BamHI 

 5'-CGGGATCCGTATGGTAGCGACCGATGAG-3' This study 

180. Atu4353 RT1  5'-TCCGCATCCATGGGAATAGC-3' This study 
181. Atu4353 
RT2-BamHI 

 5'-CGGGATCCTTCCGTCGCGTATATCCACG-3' This study 

182. 16S-F  5'-ACGCTGGCGGCAGGCTTAACACAT-3' [9] 
183. 16S-R  5'-TAAGCCGCCTTCGCCACTGGTGTT-3' [9] 
184.46/47 1F-XbaI pJQ200KS-Δ46Δ47 5'-GCTCTAGAGGTCATTTCAGCTACAGGAGC-3' This study 
185.46/47 1R-BamHI 5'-AACGGGATCCGCGCATGAAAAACCCGCCTC-3' This study 
186.46/47 2F-BamHI 5'-CGGGATCCTCCTGATTTAGGAGTGTCCCA-3' This study 
187.46/47 2R-XmaI 5'-TCCCCCCGGGTCCGTCTCGTTAAACTGAACG-3' This study 

a: Restriction enzyme sites are underlined in bold face. 
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Table S3. Characteristics of proteins encoded by the imp cluster. 

Gene name 

Protein name 

Conserved 

Orthologa 

Molecular 

weightb 

(Da) / pI 

Essential for 

Hcp 

secretionc 

Predicted cellular 

localizationd, e 

Predicted 

signal 

peptidef, g 

Predicted 

non-classically 

secreted proteinh 

atu4330 

PpkA 

TagE 

V 270 a.a.  

29,472 / 6.71 

－/＋ 1.d Unknown 

2.e C (cytoplasmic) 

1.f No SP 

2.g No SP 

No 

(0.08) 

atu4331 

PppA 

TagF 

V 471 a.a. 

51,714 / 6.39 

－ 1. Cytoplasmic 

membrane 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.14) 

atu4332 

TssM 

V 1159 a.a. 

128,315 / 

6.27 

＋ 1. Cytoplasmic 

membrane 

2. IM (inner 

membrane ptotein 

with 3 TM )(26-48, 

57-79, 438-460)g 

1. No SP 

2. No SP 

No 

(0.12) 

atu4333 

TssL 

V 501 a.a. 

55,188 / 5.85 

＋ 1. Cytoplasmic 

membrane 

2. IM (inner 

membrane protein 

with 1 

TM)(254-276) g 

1. No SP 

2. No SP 

No 

(0.19) 

atu4334 

TssK 

V 446 a. a. 

49,659 / 5.51 

＋ 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.10) 

atu4335 

Fha 

TagH 

V 399 a.a. 

43,399 / 4.85 

＋ 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.19) 

atu4336 

TssG 

V 334 a.a 

36,123 / 9.35 

＋ 1. Unknown 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.20) 

atu4337 

TssF 

V 593 a.a. 

65,507 / 6.26 

＋ 1. Unknown 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.11) 

atu4338 

TssE 

V 169 a.a. 

19,002 / 5.93 

＋ 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.29) 

atu4339 

TagJ 

V 274 a.a. 

29,813 / 4.88 

－ 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.09) 

atu4340 

TssC40 

V 464 a.a. 

50,949 / 5.51 

＋ 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.16) 
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atu4341 

TssC41 

V 493 a.a. 

55,032 / 5.44 

＋ 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.39) 

atu4342 

TssB 

V 169 a.a. 

19,098 / 5 

＋ 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.10) 

atu4343 

TssA 

V 351 a.a. 

38,491 / 5.14 

＋ 1. Unknown 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.08) 

atu4344 

ClpV 

TssH 

V 892 a.a. 

96,506 / 5.09 

＋ 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.09) 

atu4345 

Hcp 

TssD 

V 158 a.a. 

17,316 / 5.12 

＋ 1. Unknown 

2. EC 

(extracellular) 

1. No SP 

2. No SP 

Yes 

(Score 0.947) 

atu4346 

Atu4346 

 129 a.a. 

13,737 / 4.93 

－ 1. Unknown 

2. P (periplasm) 

1. Yes(1-25) 

2. Yes(1-25) 

Yes 

(Score 0.539) 

atu4347 

Atu4347 

 166 a.a. 

18,271 / 9.05 

－ 1. Unknown 

2. OM (outer 

membrane) 

1. No SP 

2. No SP 

Yes 

(Score 0.941) 

atu4348 

VgrG-1 

TssI-1 

V 816 a.a. 

88,523 / 5.98 

(＋) 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

Yes 

(Score 0.624) 

atu4349 

Atu4349 

  318 a.a 

34,604 / 5.24 

－ 1. Unknown 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

Yes 

(Score 0.733) 

atu4350 

Atu4350 

 278 a.a. 

29,511 / 5.17 

－ 1. Periplasmic 

2. OM (outer 

membrane) 

1. No SP 

2. Yes(1-37) 

Yes 

(Score 0.923) 

atu4351 

Atu4351 

 224 a.a. 

24,945 / 7.74 

NA 1. Unknown 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

No 

(0.11) 

atu4352 

Atu4352 

V 101 a.a. 

10,371 / 7.79 

－ 1. Unknown 

2. EC 

(extracellular) 

1. No SP 

2. No SP 

Yes 

(Score 0.878) 

atu3642 

VgrG-2 

TssI-2 

V 754 a.a. 

81,764 /5.8 

(＋) 1. Cytoplasmic 

2. C (cytoplasmic) 

1. No SP 

2. No SP 

Yes 

(Score 0.598) 

a.a.: amino acid. 
a: Conserved orthologs: These data have been reported elsewhere [10-12]. 
b: The molecular weight and isoelectric point (pI) are based on prediction by the 
software ExPASy (http://www.expasy.ch/tools/pi_tool.html). 
c: Essential for Hcp secretion is based on experimental data presented in Fig. 2 
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d: The cellular localization is based on prediction by the software PSORTb 
(http://www.psort.org/psortb/index.html). 

e: The cellular localization is based on prediction by the software SOSUIGramN 
(http://bp.nuap.nagoya-u.ac.jp/sosui/sosuigramn/sosuigramn_submit.html). 

f: The prediction of signal peptides was by use of the software SignalP 
(http://www.cbs.dtu.dk/services/SignalP/). 

g: The prediction of signal peptides was by use of the software SOSUIsignal 
(http://bp.nuap.nagoya-u.ac.jp/sosui/sosuisignal/sosuisignal_submit.html). 

h: The prediction was by use of the software SecretomeP 
(http://www.cbs.dtu.dk/services/SecretomeP/). Non-classically secreted proteins 
should obtain an NN-score exceeding the threshold of 0.5. 
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