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Leptospira biflexa serovar Patoc strain Patoc 1 Ames@YP_001962714
Leptospira borgpetersenii serovar Hardjo-bovis JB197@YP_800750
Leptospira borgpetersenii serovar Hardjo-bovis L550@YP_798026
Leptospira interrogans serovar Copenhageni str. Fiocruz L1-130@YP_001532
Leptospira interrogans serovar Lai str. 56601@NP_712553

Kangiella koreensis DSM 16069@YP_003147490
ellvibrio japonicus Uedal07@YP_001983783
Saccharophagus degradans 2-40@YP_529044
Teredinibacter turnerae T7901@YP_003071945
Nautilia profundicola AmMH@YP_002606456

alomonas elongata DSM 2581@YP_003898291
Pseudomonas putida W619@YP_001751026
Pseudomonas putida GB-1@YP_001667292
Pseudomonas putida F1@YP_001266435
Pseudomonas entomophila L48@YP_609749
Pseudomonas putida KT2440@NP_743210

Phenylobacterium zucineum HLK1@YP_002129500

Xanthomonas campestris pv. vesicatoria str. 85-10@YP_362490
Xanthomonas campestris pv. campestris str. BL0O0@YP_001902180
Xanthomonas campestris pv. campestris str. 8004@YP_241840
Xanthomonas campestris pv. campestris str. ATCC 33913@NP_638768
Vibrio fischeri MJ11@YP_002157256

\Vibrio fischeri ES114@YP_205854

Photobacterium profundum SS9@YP_131551

Aliivibrio salmonicida LFI1238@YP_002264250

\Vibrio splendidus LGP32@YP_002415823

Vibrio cholerae M66-2@YP_002811395

Vibrio cholerae O1 biovar El Tor str. N16961@NP_232357

Vibrio cholerae O395@YP_001218218

Vibrio cholerae MJ-1236@YP_002877376

Vibrio harveyi ATCC BAA-1116@YP_001443833

Vibrio vulnificus CMCP6@NP_759850

Vibrio vulnificus YJ016 @NP_933010

Vibrio sp. Ex25@YP_003284517

Vibrio parahaemolyticus RIMD 2210633@NP_796515

scherichia coli O111-H str. 11128@YP_003236123

Escherichia coli UMNO26@YP_002414106

Escherichia coli IAI39@YP_002409363

Escherichia coli 55989@YP_002404337

Escherichia coli IAIL@YP_002388446

Escherichia coli ED1a@YP_002399464

Escherichia coli S88@YP_002392948

Escherichia fergusonii ATCC 35469@YP_002384017

Escherichia coli SE11@YP_002294517

Escherichia coli HS@YP_001459753

Escherichia coli 536 @YP_670927

Escherichia coli B str. REL606@YP_003046021

Escherichia coli O55-H7 str. CB9615@YP_003501158

Shigella boydii Sh227@YP_409351

Shigella boydii CDC 3083-94@YP_001881747

Shigella dysenteriae Sd197@YP_404603

Escherichia coli E24377A@YP_001464421

Escherichia coli SMS-3-5@YP_001745224

Escherichia coli 0127-H6 str. E2348_69@YP_002330716

Escherichia coli UTI89@YP_542360

scherichia coli APEC O1@YP_854404

Candidatus Hamiltonella defensa 5AT Acyrthosiphon pisum@YP_002923257
Pectobacterium carotovorum subsp. carotovorum PC1@YP_003018422
Pectobacterium wasabiae WPP163@YP_003258821

Pectobacterium atrosepticum SCRI1043@YP_051196

Escherichia coli O55-H7 str. CB9615@YP_003502694

Escherichia coli 0103-H2 str. 12009@YP_003225077

Escherichia coli 0157-H7 EDL933@YP_325596

Escherichia coli 0157-H7 str. EC4115@YP_002268501

Escherichia coli 0157-H7 str. Sakai@NP_052612

Escherichia coli 0157-H7 str. TW14359@YP_003082140

Aeromonas salmonicida subsp. salmonicida A449@YP_001143487
eromonas hydrophila subsp. hydrophila ATCC 7966@YP_855105
Psychromonas ingrahamii 37@YP_941573

ebsiella pneumoniae 342@YP_002240370

Klebsiella variicola At-22@YP_003441134

Klebsiella pneumoniae NTUH-K2044@YP_002917870

Klebsiella pneumoniae subsp. pneumoniae MGH 78578@YP_001333847
Tolumonas auensis DSM 9187@YP_002891580

Dickeya zeae Ech1591@YP_003003644

Dickeya dadantii Ech586@YP_003334377

Dickeya dadantii 3937@YP_003883930

Dickeya dadantii Ech703@YP_002987095

Serratia proteamaculans 568@YP_001480470

rwinia tasmaniensis Etl_99@YP_001906733

Erwinia pyrifoliae Epl_96@YP_002647796

Erwinia amylovora CFBP1430@YP_003532224

winia amylovora ATCC 49946@YP_003537808

rsinia enterocolitica subsp. enterocolitica 8081@YP_001007727

ersinia pseudotuberculosis YPIII@YP_001719761
Yersinia pestis Z176003@YP_003567068

Yersinia pestis CO92@YP_002345868

Yersinia pestis Pestoides F@YP_001162076

Yersinia pseudotuberculosis IP 31758@YP_001399940
Yersinia pestis Antiqua@YP_650369

Yersinia pestis KIM 10@NP_670500

Yersinia pestis Nepal516@YP_648944

Yersinia pseudotuberculosis IP 32953@YP_071567
Yersinia pestis biovar Microtus str. 91001@NP_994149
Yersinia pseudotuberculosis PB1_+@YP_001873596
Yersinia pestis Angola@YP_001607614

robacter rodentium ICC168@YP_003367901

Citrobacter koseri ATCC BAA-895@YP_001453784
Enterobacter cloacae subsp. cloacae ATCC 13047@YP_003613285
Escherichia coli CFTO73@NP_755963

Escherichia coli UTIB9@YP_542751

Escherichia coli 536 @YP_671297

Escherichia coli S88@YP_002393302

Escherichia coli APEC O1@YP_858929

Escherichia coli ED1a@YP_002399825

Escherichia coli BL21-GoldDE3pLysS AG@YP_003034679
Escherichia coli str. K-12 substr. MG1655@NP_417787
Escherichia coli str. K-12 substr. W3110@AP_004462
Escherichia coli HS@YP_001460120

Escherichia coli BW2952@YP_002928215

Escherichia coli B str. REL606@YP_003046364

Escherichia coli str. K-12 substr. DH10B@YP_001732167
scherichia coli ATCC 8739@YP_001723390

olwellia psychrerythraea 34H@YP_271235

jomarina loihiensis L2ZTR@YP_156404

Dickeya zeae Ech1591@YP_003005609
ickeya dadantii 3937@YP_003883456
imonas balearica DSM 9799@YP_003911505

eromonas macleodii Deep ecotype@YP_002128243
Pseudoalteromonas atlantica T6c@YP_659820
ella denitrificans 0S217@YP_561144

Shewanella pealeana ATCC 700345@YP_001500011

Shewanella frigidimarina NCIMB 400@YP_748809

hewanella halifaxensis HAW-EB4@YP_001676370

Shewanella amazonensis SB2B@YP_926053

ewanella piezotolerans WP3@YP_002309619

Shewanella violacea DSS12@YP_003558947

Shewanella loihica PV-4@YP_001095741

Shewanella woodyi ATCC 51908@YP_001763076

Shewanella sediminis HAW-EB3@YP_001476085

Shewanella baltica 0S185@YP_001364386

Shewanella baltica 0S155@YP_001052537

Shewanella baltica 0S223@YP_002356120

Shewanella baltica 0S195@YP_001552598

Shewanella sp. MR-4@YP_732297

Shewanella sp. MR-7@YP_736217

Shewanella putrefaciens CN-32@YP_001185072
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Shewanella sp. W3-18-1@YP_965064
Shewanella oneidensis MR-1@NP_715811
Shewanella sp. ANA-3@YP_867804

Yersinia enterocolitica subsp. enterocolitica 8081@YP_001007518

Pseudoalteromonas haloplanktis TAC125@YP_338781



Figure S3B




Figure S1. Maximum Likelihood phylogenetic tree based on the D1 dataset (99
sequences, 57 positions). The topology of the tree shows that T4P pilins and T2SS major
pseudopilins represent two distinct homologous families. Number at nodes represent bootstrap
values (only value > 50% are shown). The scale bar represents 0.1 substitutions per site.
Gammaproteobacetria are in dark blue, Betaproteobacteria in purple, Alphaproteobacteria in
yellow and Deltaproteobacteria in green. Sequences from P. aeruginosa PAOI are
underlined.

Figure S2. Maximum likelihood phylogenetic tree based on the D2 dataset (145
sequences, 114 positions). The taxonomic affiliation of each sequence is indicated by a
colour code (see box for details). Pseudomonas aeruginosa PAO1 XcpT and HxcT are
indicated by arrows. Numbers at branches represent bootstrap values (only value > 50% are
shown). The scale bar represents the estimated average number of substitutions per site.

Figure S3. Maximum likelihood phylogenetic trees (A & B) based on the D3 dataset (397
sequences, 69 positions). Taxonomic groups are indicated by colours: green =
Delta/Epsilonproteobacteria, purple = Betaproteobacteria, dark blue = Gammaproteobacteria,
light blue = cluster of Gammaproteobacteria containing Pseudomonas aeruginosa PAO1
sequences, yellow = Alphaproteobacteria, pink = Firmicutes, red = Aquificae, black = Other
bacteria). The scale bar represents the inferred average number of substitution per site.



Table S1: Nomenclature of the HxcT variants

Name Mutation (HxcT-number-XcpT)

HxcTmut2 K23Q; E84K

HxcTmut3 K23Q; E84K; S77K

HxcTmut4 K23Q; E84K; S77K; N123D

HxcTmut5 K23Q; E84K; S77K; N123D; K48D

HxcTmut6 K23Q; E84K; S77K; N123D; K48D; P117E

HxcTmut7 K23Q; E84K; S77K; N123D; K48D; P117E; K93N
HxcTmut8 K23Q; E84K; S7T7K; N123D; K48D; P117E; K93N; K65E
HxcTmut9 K23Q; E84K; S77K; N123D; K48D; P117E; K93N; K65E; E69K
HxcTmut6An5 K23Q; E84K; S77K; N123D; P117E

HxcTn5 K48D

Table S2: Mutations and corresponding primers

Name Mutation Primer name Primer sequence

nl K23Q hxcTK23Q-for |5’-gccgegatgtgtecccaggtetegaccgtcecgaccaggeecg-3’
hxcTK23Q-rev | 5’-gtcgggacggtcgageacctgggeaccaccatcgeggegaggatc-3’

2 ES4K hxcTE84K -for 5’-aactgcgctcgtacctaagegecteccaacgaccectgggeaage-3’
hxcTE84K-rev 5’-gggotegttggcaggegcttcaggtacgagegecagttctcgecgagge-3’

3 ST7K hxcTS77K-for 5’-cctecgatecteggegaagaactgegetegtacctgagegecte-3’
hxcTS77K-rev 5’-caggtacgagcgccagttcttcgccgaggeatcggecagggegetecgeg-3°

nd N123D hxcTN123D-for |5’-ccgggcggegagggceatcgacgecgacateggetectgeagetet-3°
hxcTN123D-rev |5’-ccaggagccgattcggegtcgatecctegecgeccggeteccgteg-3°

5 K48D hxcTK48D-for  |5’-gggctatcaggegctegacctctaccgectcgaccagggeege-3’
hxcTK48D-rev | 5’-ctgtcgaggcggtagaggtcgagegectcatcageccggagattce-3’
hxcTP117E-for |5’-ctcggcgecgacgggeaggagggcggegagggcatcaacgecgacatcgge-3’

n6 P117E hxcTP117E-rev |5 -gttatccctegecgecctecteecgteggegecgagggagaacacg-3’
hxcTK93N-for 5’-cccaacgacccectgggeaaccectaccagtacctaatceegge-3’

n7 K33N hxcTK93N-rev 5’-attcaggtactgtaggggttccccaggggtegttggecaggege-3’
hxcTK65E-for 5’-agccaggegeagggcttgaggtetcgeggagegeccteegate-3’

n8 K65E hxcTK65E-rev 5’-agggcgctccgegageacctecaagecctegectgeteggatage-3’
hxcTE69K -for 5’-ggcttaaggtctcgegaagegecctecgatecteggegage-3°

nd E69K hxcTE69K -rev 5’-cgaggcatcggceagggcgcttcgegageaccttcaageectege-3’




Table S3: Vectors and Plasmids

Name Description Reference
pCR2.1 ColEl, f1 ori, Ap", Km" Invitrogen
pMMB190 Ap®, pPMM66EH, tac promoter, lacZo. (1)
pIN105 Gm?", araC-pBAD, (broad-host-range vector) (2)
pKNG101 Sm", mobRK2, sacBR" (suicide vector) (3)
pRK2013 Km", ColE1, Tra+ Mob+ (RK2) 4)
pET22b pelB, T7 lac, Ap", pBR322 ori Novagen
i pelB, T7 lac, Ap", pBR322 ori, C-ter his6-tag, gateway
pETG-22b site added for recombination cloning (5)
BamHI/Apal 1000bp DNA fragment carrying hxcV’- .
PKNGAhxeT HxcX’ into the pKNG84, Sm® This work
0.6 kb DNA fragment containing hxcT wild type cloned
pCR2.1-hxcTwt into pCR2.1 (6)
EcoRI DNA fragment carrying the XcpT gene cloned into
pMMB-XcpT the pMMB190, under the tac promoter (7)
H BamHI/HindIII DNA fragment carrying the xcpT(His6)
pPMMB-XepT gene cloned into the pMMB190 (8)
EcoRI DNA fragment containing hxcT wild type cloned .
pMMB-HxcT in pMMB190 This work
H BamHI/HindIII DNA fragment carrying the hxcT(His6) .
pPMMB-HxcT wild type gene cloned into the pMMB190 This work
EcoRV-BamHI DNA fragment carrying the hxcTmut2 .
pMMB-HxcTmut2 gene cloned into the pPMMB190 This work
H BamHI/HindIII DNA fragment carrying the hxcT(His6) .
pMMB-HxcT mut2 mut2 gene cloned into the pMMB190 This work
EcoRV-BamHI DNA fragment carrying the hxcTmut3 .
pMMB-HxcTmut3 gene cloned into the pPMMB190 This work
H BamHI/HindIII DNA fragment carrying the hxcT(His6) .
pPMMB-HxcT mut3 mut3 gene cloned into the pMMB190 This work
EcoRV-BamHI DNA fragment carrying the hxcTmut4 .
pMMB-HxcTmutd gene cloned into the pMMB190 This work
H BamHI/HindIII DNA fragment carrying the hxcT(His6) .
pPMMB-HxcT mutd mut4 gene cloned into the pMMB190 This work
EcoRV-BamHI DNA fragment carrying the hxcTmut5 .
pMMB-HxcTmutS gene cloned into the pPMMB190 This work
H BamHI/HindIII DNA fragment carrying the hxcT(His6) .
PMMB-HxcT mut5 mut5 gene cloned into the pMMB190 This work
EcoRV-BamHI DNA fragment carrying the hxcTmut6 .
pMMB-HxcTmut6 gene cloned into the pPMMB190 This work
H BamHI/HindIII DNA fragment carrying the hxcT(His6) .
pMMB-HxcT mut6 mut6 gene cloned into the pMMB190 This work
EcoRV-BamHI DNA fragment carrying the hxcTmut7 .
pMMB-HxcTmut7 gene cloned into the pPMMB190 This work
H BamHI/HindIII DNA fragment carrying the hxcT(His6) .
pPMMB-HxcT mut7 mut?7 gene cloned into the pMMB190 This work
EcoRV-BamHI DNA fragment carrying the hxcTmut8 .
pMMB-HxcTmut8 gene cloned into the pPMMB190 This work
H BamHI/HindIII DNA fragment carrying the hxcT(His6) .
pMMB-HxcT mut8 mut8 gene cloned into the pMMB190 This work
pMMB-HxcTmut9 EcoRV-BamHI DNA fragment carrying the hxcTmut9 This work

gene cloned into the pPMMB190




BamHI/HindIII DNA fragment carrying the hxcT(His6)

H .
pMMB-HxcT mut9 mut9 gene cloned into the pMMB190 This work
EcoRV-BamHI DNA fragment carrying the .
PMMB-HxeTmut6AnS | ort6.n5 gene cloned into the pMMB190 This work
BamHI/HindIII DNA fragment carrying the hxcT(His6) .
H
pMMB-HxcT mut6An3 mut64n5 gene cloned into the pMMB190 This work
EcoRV-BamHI DNA fragment carrying the hxcTn5 gene .
pMMB-HxcTns cloned into the pMMB190 This work
H BamHI/HindIII DNA fragment carrying the .
pMMB-HxcT n5 hxcT(His6)n5 gene cloned into the pMMB190 This work
EcoRI DNA fragment carrying the P. fluorescens PF-5 .
pMMB-HxcTPf hxcT gene cloned into pMMB190 This work
Xbal/Sacl DNA fragment carrying the XcpT gene cloned .
pIN-XcpT into the pIN105 This work
Xbal/Sacl DNA fragment carrying the hxcT wild type .
pIN-HxeT gene cloned into the pJN105 This work
Xbal/Sacl DNA fragment carrying the hxcTmut5 gene .
pIN-HxcTmut5 cloned into the pIN105 This work
BamHI/HindIII 500bp DNA fragment coding for the
pET-XcpTpnu soluble domain of XcpT with a N-ter his6 tag, fused to (8)
the PelB leader peptide, cloned into the pET22b
attR 1/attR2 987bp coding for the soluble domain of
pET-22b-HxcTp HxcT with a N-ter TEV protease cleavage site and a This work

his6-tag, fused to the pelB cloned into the pET-22b

Sm, streptomycin Ap, ampicilin; Gm, gentamicin; Km, kanamycin




Table S4: Strains

Name Description Reference

E. coli

TG1 SupEA(lac-proAB)thi hsdRA5 (F’ :traD36 Laboratory Collection
rpoA "B lacl'ZAM15)

BL21(DE3) hsdS gal (1 cIts857 ind1 Sam7 nin5 lacUV5-T7 Invitrogen
genel)

CC118\pir A(ara-leu) araD AlacX74 galE galK phoA20 thi-1 )
rpsE rpoB argE(Am) recAl Rf¥(\pir)

P. aeruginosa

PAOI1 Prototrophe, chl-2 B. Holloway

AXcpT Chromosomal XxcpT deletion in PAO1 Laboratory collection
AXCpTAhxcT Chromosomal XxcpT and hxcT deletion in PAO1 This work
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