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Hahella chejuensis KCTC 2396@YP_435080
Psychrobacter cryohalolentis K5@YP_579525

Alcanivorax borkumensis SK2@YP_693034
Sulfurovum sp. NBC37-1@YP_001357342

Persephonella marina EX-H1@YP_002730601
Aquifex aeolicus VF5@NP_213294

Hydrogenobacter thermophilus TK-6@YP_003431923
Thermocrinis albus DSM 14484@YP_003473289

Hydrogenobaculum sp. Y04AAS1@YP_002121567
Planctomyces limnophilus DSM 3776@YP_003630916

Acinetobacter sp. ADP1@YP_045177
Acinetobacter sp. DR1@YP_003733774

Acinetobacter baumannii SDF@YP_001708257
Acinetobacter baumannii ATCC 17978@YP_001083432
Acinetobacter baumannii ACICU@YP_001845041
Acinetobacter baumannii AYE@YP_001715168
Acinetobacter baumannii AB0057@YP_002317855
Acinetobacter baumannii AB307-0294@YP_002327050
Marinobacter aquaeolei VT8@YP_958626

Gemmatimonas aurantiaca T-27@YP_002761587
Brevundimonas subvibrioides ATCC 15264@YP_003819378
Sphingomonas wittichii RW1@YP_001263083

Desulfovibrio salexigens DSM 2638@YP_002989999
Candidatus Solibacter usitatus Ellin6076@YP_828963

Bdellovibrio bacteriovorus HD100@NP_968476
Stenotrophomonas maltophilia R551-3@YP_002026936
Stenotrophomonas maltophilia K279a@YP_001970584

Xanthomonas albilineans@YP_003377133
Xylella fastidiosa Temecula1@NP_778954
Xylella fastidiosa 9a5c@NP_298808
Xylella fastidiosa M12@YP_001775475
Xylella fastidiosa M23@YP_001829484

Xanthomonas oryzae pv. oryzae KACC10331@YP_199488
Xanthomonas oryzae pv. oryzae MAFF 311018@YP_449802
Xanthomonas oryzae pv. oryzae PXO99A@YP_001915520

Xanthomonas axonopodis pv. citri str. 306@NP_643849
Xanthomonas campestris pv. vesicatoria str. 85-10@YP_365397
Xanthomonas campestris pv. campestris str. B100@YP_001905098
Xanthomonas campestris pv. campestris str. 8004@YP_244634
Xanthomonas campestris pv. campestris str. ATCC 33913@NP_636054

Halothermothrix orenii H 168@YP_002509612
Parvularcula bermudensis HTCC2503@YP_003854916
Desulfarculus baarsii DSM 2075@YP_003807301

Shewanella sediminis HAW-EB3@YP_001474762
Granulibacter bethesdensis CGDNIH1@YP_745588

Acidiphilium cryptum JF-5@YP_001234021
Gluconobacter oxydans 621H@YP_191420

Gluconacetobacter diazotrophicus PAl 5@YP_001600763
Gluconacetobacter diazotrophicus PAl 5@YP_002275922

Aromatoleum aromaticum EbN1@YP_157906
Delftia acidovorans SPH-1@YP_001562330
Verminephrobacter eiseniae EF01-2@YP_995486

Acidovorax citrulli AAC00-1@YP_972473
Methylococcus capsulatus str. Bath@YP_113586
Allochromatium vinosum DSM 180@YP_003444946

Nitrosococcus halophilus Nc4@YP_003526016
Nitrosococcus oceani ATCC 19707@YP_344869

Nitrosococcus watsoni C-113@YP_003762033
Hyphomicrobium denitrificans ATCC 51888@YP_003756273

Hyphomonas neptunium ATCC 15444@YP_761210
Nitrosomonas europaea ATCC 19718@NP_841307

Caulobacter sp. K31@YP_001683717
Methylobacterium extorquens AM1@YP_002961288

Methylobacterium sp. 4-46@YP_001768541
Rhizobium sp. NGR234@YP_002826820

Maricaulis maris MCS10@YP_757998
Agrobacterium radiobacter K84@YP_002542505

Mesorhizobium loti MAFF303099@NP_107259
Beijerinckia indica subsp. indica ATCC 9039@YP_001832705

Rhodopseudomonas palustris BisA53@YP_781578
Methylobacterium nodulans ORS 2060@YP_002497087

Methylobacterium sp. 4-46@YP_001768919
Methylobacterium extorquens AM1@YP_002966510

Xanthobacter autotrophicus Py2@YP_001417010
Bradyrhizobium japonicum USDA 110@NP_772659

Methylocella silvestris BL2@YP_002361244
Rhodopseudomonas palustris BisB18@YP_532871

Bradyrhizobium sp. ORS278@YP_001203431
Bradyrhizobium sp. BTAi1@YP_001238666

Nitrobacter hamburgensis X14@YP_576082
Bradyrhizobium sp. BTAi1@YP_001237426
Bradyrhizobium sp. ORS278@YP_001208196

Sulfurimonas autotrophica DSM 16294@YP_003891327
Hydrogenobacter thermophilus TK-6@YP_003432710
Syntrophus aciditrophicus SB@YP_462045

Desulfobacterium autotrophicum HRM2@YP_002604271
Syntrophobacter fumaroxidans MPOB@YP_844240

Azotobacter vinelandii DJ@YP_002798805
Pseudoalteromonas atlantica T6c@YP_662790
Marinobacter aquaeolei VT8@YP_959908

Pseudomonas aeruginosa UCBPP-PA14@YP_790519
Pseudomonas aeruginosa LESB58@YP_002440030
Pseudomonas aeruginosa PAO1@NP_251365

Aeromonas salmonicida subsp. salmonicida A449@YP_001141276
Burkholderia ambifaria AMMD@YP_773322

Methylotenera sp. 301@YP_003673685
Leptothrix cholodnii SP-6@YP_001791642

Cupriavidus metallidurans CH34@YP_586844
Ralstonia solanacearum GMI1000@NP_520431
Pseudomonas putida GB-1@YP_001668752
Pseudomonas putida KT2440@NP_745561
Pseudomonas putida F1@YP_001267662

Pseudomonas fluorescens Pf0-1@YP_347705
Azotobacter vinelandii DJ@YP_002800009

Pseudomonas entomophila L48@YP_608068
Pseudomonas putida W619@YP_001749653

Methylobacillus flagellatus KT@YP_546527
Thiobacillus denitrificans ATCC 25259@YP_315190

Aromatoleum aromaticum EbN1@YP_157675
Nitrosomonas europaea ATCC 19718@NP_841650
Nitrosomonas eutropha C91@YP_746747

Dechloromonas aromatica RCB@YP_286421
Thiobacillus denitrificans ATCC 25259@YP_315051

Azoarcus sp. BH72@YP_933601
Methylotenera sp. 301@YP_003674674

Sideroxydans lithotrophicus ES-1@YP_003524448
Nitrosospira multiformis ATCC 25196@YP_413271

Methylotenera sp. 301@YP_003673420
Methylovorus sp. SIP3-4@YP_003050798

Methylotenera mobilis JLW8@YP_003048506
Methylovorus sp. SIP3-4@YP_003050622

Methylobacillus flagellatus KT@YP_545452
Ralstonia solanacearum GMI1000@NP_521711

Ralstonia solanacearum PSI07@YP_003751936
Ralstonia solanacearum GMI1000@NP_522029

Pseudomonas aeruginosa PA7@YP_001346797
Pseudomonas mendocina ymp@YP_001188410

gamma proteobacterium HdN1@YP_003812686
Pseudomonas stutzeri A1501@YP_001170676
Pseudomonas aeruginosa PA7@YP_001347408
Pseudomonas aeruginosa PAO1@NP_251791
Pseudomonas aeruginosa UCBPP-PA14@YP_790072
Pseudomonas aeruginosa LESB58@YP_002439563

Sideroxydans lithotrophicus ES-1@YP_003523123
Thiomonas intermedia K12@YP_003644448

Comamonas testosteroni CNB-2@YP_003276676
Polaromonas naphthalenivorans CJ2@YP_981004

Rhodoferax ferrireducens T118@YP_521816
Polaromonas sp. JS666@YP_548169

Leptothrix cholodnii SP-6@YP_001792442
Methylibium petroleiphilum PM1@YP_001022316

Variovorax paradoxus S110@YP_002942998
Verminephrobacter eiseniae EF01-2@YP_998258
Acidovorax ebreus TPSY@YP_002552134
Acidovorax sp. JS42@YP_984996
Delftia acidovorans SPH-1@YP_001566702

Acidovorax citrulli AAC00-1@YP_969297
Nitrosospira multiformis ATCC 25196@YP_412585

Ralstonia pickettii 12J@YP_001900944
Ralstonia pickettii 12D@YP_002982985

Ralstonia solanacearum GMI1000@NP_521227
Ralstonia solanacearum PSI07@YP_003751065
Ralstonia solanacearum CFBP2957@YP_003744285
Ralstonia eutropha JMP134@YP_297425

Cupriavidus taiwanensis@YP_002006970
Ralstonia eutropha H16@YP_727962
Cupriavidus metallidurans CH34@YP_585525

Thauera sp. MZ1T@YP_002889511
Aromatoleum aromaticum EbN1@YP_159819

Bordetella petrii DSM 12804@YP_001631466
Bordetella avium 197N@YP_784880
Stenotrophomonas maltophilia R551-3@YP_002028602
Stenotrophomonas maltophilia K279a@YP_001972509

Pseudomonas aeruginosa LESB58@YP_002442229
Pseudomonas aeruginosa UCBPP-PA14@YP_792613
Pseudomonas aeruginosa PA7@YP_001350170
Pseudomonas aeruginosa PAO1@NP_249372

Pseudomonas entomophila L48@YP_607941
Pseudomonas fluorescens Pf-5@YP_259859

Pseudomonas syringae pv. phaseolicola 1448A@YP_274392
Pseudomonas fluorescens SBW25@YP_002872021

Pseudomonas fluorescens Pf0-1@YP_348908
Pseudomonas fluorescens SBW25@YP_002872808

Chromobacterium violaceum ATCC 12472@NP_903481
Burkholderia phymatum STM815@YP_001859288
Burkholderia sp. CCGE1003@YP_003908727

Burkholderia phytofirmans PsJN@YP_001897551
Burkholderia sp. 383@YP_371831

Burkholderia xenovorans LB400@YP_560987
Burkholderia sp. CCGE1002@YP_003606703

Burkholderia glumae BGR1@YP_002909943
Burkholderia multivorans ATCC 17616@YP_001944532
Burkholderia multivorans ATCC 17616@YP_001578251

Burkholderia vietnamiensis G4@YP_001117924
Burkholderia cenocepacia HI2424@YP_833705
Burkholderia cenocepacia AU 1054@YP_619901
Burkholderia cenocepacia MC0-3@YP_001763379
Burkholderia sp. 383@YP_367486
Burkholderia cenocepacia J2315@YP_002232624
Burkholderia ambifaria AMMD@YP_771943
Burkholderia ambifaria MC40-6@YP_001806776

Burkholderia pseudomallei MSHR346@YP_002898855
Burkholderia pseudomallei K96243@YP_106636
Burkholderia mallei NCTC 10247@YP_001082191
Burkholderia mallei NCTC 10229@YP_001027861
Burkholderia pseudomallei 1710b@YP_331640
Burkholderia pseudomallei 1106a@YP_001064297
Burkholderia thailandensis E264@YP_440571
Burkholderia mallei ATCC 23344@YP_104299
Burkholderia pseudomallei 668@YP_001057067
Burkholderia mallei SAVP1@YP_994792

Denitrovibrio acetiphilus DSM 12809@YP_003503241
Deferribacter desulfuricans SSM1@YP_003496534

Desulfovibrio salexigens DSM 2638@YP_002993181
Desulfatibacillum alkenivorans AK-01@YP_002434294
Myxococcus xanthus DK 1622@YP_630729

Myxococcus xanthus DK 1622@YP_632006
Anaeromyxobacter sp. Fw109-5@YP_001377924

Anaeromyxobacter dehalogenans 2CP-C@YP_463896
Anaeromyxobacter dehalogenans 2CP-1@YP_002491139
Anaeromyxobacter sp. K@YP_002133085

Desulfovibrio magneticus RS-1@YP_002954224
Syntrophus aciditrophicus SB@YP_462277

Desulfococcus oleovorans Hxd3@YP_001528919
Candidatus Nitrospira defluvii@YP_003798447

Geobacter sulfurreducens PCA@NP_951386
Geobacter metallireducens GS-15@YP_386304

Geobacter sp. FRC-32@YP_002536356
Geobacter uraniireducens Rf4@YP_001229465

Geobacter lovleyi SZ@YP_001951520
Geobacter bemidjiensis Bem@YP_002137416

Geobacter sp. M21@YP_003020437
Desulfurivibrio alkaliphilus AHT2@YP_003691549
Alkalilimnicola ehrlichii MLHE-1@YP_743221

Halorhodospira halophila SL1@YP_001003937
Thioalkalivibrio sp. HL-EbGR7@YP_002512317

Halothiobacillus neapolitanus c2@YP_003262055
Thiomicrospira crunogena XCL-2@YP_390523

Desulfobacterium autotrophicum HRM2@YP_002602416
Legionella longbeachae NSW150@YP_003454919

Legionella pneumophila subsp. pneumophila str. Philadelphia 1@YP_095391
Legionella pneumophila 2300_99 Alcoy@YP_003618641
Legionella pneumophila str. Corby@YP_001250100
Legionella pneumophila str. Paris@YP_123640
Legionella pneumophila str. Lens@YP_126663

Coraliomargarita akajimensis DSM 45221@YP_003548824
Opitutus terrae PB90-1@YP_001818487

Pelobacter propionicus DSM 2379@YP_901819
Geobacter uraniireducens Rf4@YP_001230521
Geobacter bemidjiensis Bem@YP_002139969

Geobacter sp. M21@YP_003020910
Legionella longbeachae NSW150@YP_003453862

Herbaspirillum seropedicae SmR1@YP_003773622
Magnetococcus sp. MC-1@YP_867422

Myxococcus xanthus DK 1622@YP_635502
Leptospira biflexa serovar Patoc strain Patoc 1 Paris@YP_001839061

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
Cellvibrio japonicus Ueda107@YP_001983783

Saccharophagus degradans 2-40@YP_529044
Teredinibacter turnerae T7901@YP_003071945

Nautilia profundicola AmH@YP_002606456
Halomonas 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

Maricaulis maris MCS10@YP_755615
Novosphingobium aromaticivorans DSM 12444@YP_497920
Sphingopyxis alaskensis RB2256@YP_615374

Sphingobium japonicum UT26S@YP_003545799
Hirschia baltica ATCC 49814@YP_003059842

Hyphomonas neptunium ATCC 15444@YP_760569
Xanthomonas axonopodis pv. citri str. 306@NP_641051

Phenylobacterium zucineum HLK1@YP_002129500
Caulobacter crescentus CB15@NP_418995
Caulobacter crescentus NA1000@YP_002515550

Xanthomonas campestris pv. vesicatoria str. 85-10@YP_362490
Xanthomonas campestris pv. campestris str. B100@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

Escherichia coli O111-H str. 11128@YP_003236123
Escherichia coli UMN026@YP_002414106
Escherichia coli IAI39@YP_002409363
Escherichia coli 55989@YP_002404337
Escherichia coli IAI1@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 Sb227@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 O127-H6 str. E2348_69@YP_002330716
Escherichia coli UTI89@YP_542360
Escherichia 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 O103-H2 str. 12009@YP_003225077
Escherichia coli O157-H7 EDL933@YP_325596
Escherichia coli O157-H7 str. EC4115@YP_002268501
Escherichia coli O157-H7 str. Sakai@NP_052612
Escherichia coli O157-H7 str. TW14359@YP_003082140
Aeromonas salmonicida subsp. salmonicida A449@YP_001143487
Aeromonas hydrophila subsp. hydrophila ATCC 7966@YP_855105

Psychromonas ingrahamii 37@YP_941573
Klebsiella 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
Erwinia tasmaniensis Et1_99@YP_001906733

Erwinia pyrifoliae Ep1_96@YP_002647796
Erwinia amylovora CFBP1430@YP_003532224
Erwinia amylovora ATCC 49946@YP_003537808

Yersinia enterocolitica subsp. enterocolitica 8081@YP_001007727
Yersinia enterocolitica subsp. enterocolitica 8081@YP_001007518

Yersinia 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

Citrobacter rodentium ICC168@YP_003367901
Citrobacter koseri ATCC BAA-895@YP_001453784
Enterobacter cloacae subsp. cloacae ATCC 13047@YP_003613285

Escherichia coli CFT073@NP_755963
Escherichia coli UTI89@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
Escherichia coli ATCC 8739@YP_001723390

Colwellia psychrerythraea 34H@YP_271235
Idiomarina loihiensis L2TR@YP_156404

Dickeya zeae Ech1591@YP_003005609
Dickeya dadantii 3937@YP_003883456

Ferrimonas balearica DSM 9799@YP_003911505
Pseudoalteromonas haloplanktis TAC125@YP_338781

Alteromonas macleodii Deep ecotype@YP_002128243
Pseudoalteromonas atlantica T6c@YP_659820

Shewanella denitrificans OS217@YP_561144
Shewanella pealeana ATCC 700345@YP_001500011

Shewanella frigidimarina NCIMB 400@YP_748809
Shewanella halifaxensis HAW-EB4@YP_001676370

Shewanella amazonensis SB2B@YP_926053
Shewanella 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 OS185@YP_001364386
Shewanella baltica OS155@YP_001052537
Shewanella baltica OS223@YP_002356120
Shewanella baltica OS195@YP_001552598

Shewanella sp. MR-4@YP_732297
Shewanella sp. MR-7@YP_736217
Shewanella putrefaciens CN-32@YP_001185072
Shewanella sp. W3-18-1@YP_965064
Shewanella oneidensis MR-1@NP_715811

Shewanella sp. ANA-3@YP_867804
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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 PAO1 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; S77K; N123D; K48D; P117E; K93N; K65E 
HxcTmut9 K23Q; E84K; S77K; N123D; K48D; P117E; K93N; K65E; E69K 
HxcTmut6∆n5 K23Q; E84K; S77K; N123D; P117E 
HxcTn5 K48D 

Table S2: Mutations and corresponding primers 

 

Name Mutation  
 Primer name Primer sequence 

n1 K23Q hxcTK23Q-for 
hxcTK23Q-rev 

5’-gccgcgatgtgtccccaggtctcgaccgtcccgaccaggcccg-3’ 
5’-gtcgggacggtcgagcacctgggcaccaccatcgcggcgaggatc-3’ 

n2 E84K hxcTE84K-for 
hxcTE84K-rev 

5’-aactgcgctcgtacctaagcgcctcccaacgacccctgggcaagc-3’ 
5’-ggggtcgttggcaggcgcttcaggtacgagcgccagttctcgccgaggc-3’ 

n3 S77K hxcTS77K-for 
hxcTS77K-rev 

5’-cctccgatcctcggcgaagaactgcgctcgtacctgagcgcctc-3’ 
5’-caggtacgagcgccagttcttcgccgaggcatcggcagggcgctccgcg-3’ 

n4 N123D hxcTN123D-for 
hxcTN123D-rev 

5’-ccgggcggcgagggcatcgacgccgacatcggctcctgcagctct-3’ 
5’-ccaggagccgattcggcgtcgatccctcgccgcccggctcccgtcg-3’ 

n5 K48D hxcTK48D-for 
hxcTK48D-rev 

5’-gggctatcaggcgctcgacctctaccgcctcgaccagggccgc-3’ 
5’-ctgtcgaggcggtagaggtcgagcgcctcatcagcccggagattc-3’ 

n6 P117E hxcTP117E-for 
hxcTP117E-rev 

5’-ctcggcgccgacgggcaggagggcggcgagggcatcaacgccgacatcggc-3’ 
5’-gttatccctcgccgccctcctcccgtcggcgccgagggagaacacg-3’ 

n7 K93N hxcTK93N-for 
hxcTK93N-rev 

5’-cccaacgacccctgggcaacccctaccagtacctaatcccggc-3’ 
5’-attcaggtactgtaggggttccccaggggtcgttggcaggcgc-3’ 

n8 K65E hxcTK65E-for 
hxcTK65E-rev 

5’-agccaggcgcagggcttgaggtctcgcggagcgccctccgatc-3’ 
5’-agggcgctccgcgagcacctccaagccctcgcctgctcggatagc-3’ 

n9 E69K hxcTE69K-for 
hxcTE69K-rev 

5’-ggcttaaggtctcgcgaagcgccctccgatcctcggcgagc-3’ 
5’-cgaggcatcggcagggcgcttcgcgagcaccttcaagccctcgc-3’ 



Table S3: Vectors and Plasmids 
 
Name Description Reference 
pCR2.1 ColE1, f1 ori, ApR, KmR Invitrogen 
pMMB190 ApR, pMM66EH, tac promoter, lacZα (1) 
pJN105 GmR, araC-pBAD, (broad-host-range vector) (2) 
pKNG101 SmR, mobRK2, sacBR+ (suicide vector) (3) 
pRK2013 KmR, ColE1, Tra+ Mob+ (RK2) (4) 
pET22b pelB, T7 lac, ApR, pBR322 ori Novagen 

pETG-22b pelB, T7 lac, ApR, pBR322 ori, C-ter his6-tag, gateway 
site added for recombination cloning (5) 

pKNG∆hxcT BamHI/ApaI 1000bp DNA fragment carrying hxcV’-
HxcX’ into the pKNG84, SmR This work 

pCR2.1-hxcTwt  0.6 kb DNA fragment containing hxcT wild type cloned 
into pCR2.1 (6) 

pMMB-XcpT EcoRI DNA fragment carrying the xcpT gene cloned into 
the pMMB190, under the tac promoter (7) 

pMMB-XcpTH BamHI/HindIII DNA fragment carrying the xcpT(His6) 
gene cloned into the pMMB190 (8) 

pMMB-HxcT EcoRI DNA fragment containing hxcT wild type cloned 
in pMMB190 This work 

pMMB-HxcTH BamHI/HindIII DNA fragment carrying the hxcT(His6) 
wild type gene cloned into the pMMB190 This work 

pMMB-HxcTmut2 EcoRV-BamHI DNA fragment carrying the hxcTmut2 
gene cloned into the pMMB190 This work 

pMMB-HxcTHmut2 BamHI/HindIII DNA fragment carrying the hxcT(His6) 
mut2 gene cloned into the pMMB190 This work 

pMMB-HxcTmut3 EcoRV-BamHI DNA fragment carrying the hxcTmut3 
gene cloned into the pMMB190 This work  

pMMB-HxcTHmut3 BamHI/HindIII DNA fragment carrying the hxcT(His6) 
mut3 gene cloned into the pMMB190 This work  

pMMB-HxcTmut4 EcoRV-BamHI DNA fragment carrying the hxcTmut4 
gene cloned into the pMMB190 This work  

pMMB-HxcTHmut4 BamHI/HindIII DNA fragment carrying the hxcT(His6) 
mut4 gene cloned into the pMMB190 This work  

pMMB-HxcTmut5 EcoRV-BamHI DNA fragment carrying the hxcTmut5 
gene cloned into the pMMB190 This work  

pMMB-HxcTHmut5 BamHI/HindIII DNA fragment carrying the hxcT(His6) 
mut5 gene cloned into the pMMB190 This work  

pMMB-HxcTmut6 EcoRV-BamHI DNA fragment carrying the hxcTmut6 
gene cloned into the pMMB190 This work  

pMMB-HxcTHmut6 BamHI/HindIII DNA fragment carrying the hxcT(His6) 
mut6 gene cloned into the pMMB190 This work  

pMMB-HxcTmut7 EcoRV-BamHI DNA fragment carrying the hxcTmut7 
gene cloned into the pMMB190 This work  

pMMB-HxcTHmut7 BamHI/HindIII DNA fragment carrying the hxcT(His6) 
mut7 gene cloned into the pMMB190 This work  

pMMB-HxcTmut8 EcoRV-BamHI DNA fragment carrying the hxcTmut8 
gene cloned into the pMMB190 This work  

pMMB-HxcTHmut8 BamHI/HindIII DNA fragment carrying the hxcT(His6) 
mut8 gene cloned into the pMMB190 This work  

pMMB-HxcTmut9 EcoRV-BamHI DNA fragment carrying the hxcTmut9 
gene cloned into the pMMB190 This work  



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

pMMB-HxcTHmut9 BamHI/HindIII DNA fragment carrying the hxcT(His6) 
mut9 gene cloned into the pMMB190 This work  

pMMB-HxcTmut6∆n5 EcoRV-BamHI DNA fragment carrying the 
hxcTmut6∆n5 gene cloned into the pMMB190 This work  

pMMB-HxcTHmut6∆n5 BamHI/HindIII DNA fragment carrying the hxcT(His6) 
mut6∆n5 gene cloned into the pMMB190 This work  

pMMB-HxcTn5 EcoRV-BamHI DNA fragment carrying the hxcTn5 gene 
cloned into the pMMB190 This work  

pMMB-HxcTHn5 BamHI/HindIII DNA fragment carrying the 
hxcT(His6)n5 gene cloned into the pMMB190 This work 

pMMB-HxcTPf EcoRI DNA fragment carrying the P. fluorescens PF-5 
hxcT gene cloned into pMMB190 This work 

pJN-XcpT XbaI/SacI DNA fragment carrying the xcpT gene cloned 
into the pJN105 This work  

pJN-HxcT XbaI/SacI DNA fragment carrying the hxcT wild type 
gene cloned into the pJN105 This work  

pJN-HxcTmut5 XbaI/SacI DNA fragment carrying the hxcTmut5 gene 
cloned into the pJN105 This work  

pET-XcpTpNH

BamHI/HindIII 500bp DNA fragment coding for the 
soluble domain of XcpT with a N-ter his6 tag, fused to 
the PelB leader peptide, cloned into the pET22b 

(8) 

pET-22b-HxcTp 
attR1/attR2 987bp coding for the soluble domain of 
HxcT with a N-ter TEV protease cleavage site and a 
his6-tag, fused to the pelB cloned into the pET-22b 

This work 

 



Table S4: Strains 

 

Name Description Reference 
E. coli   
TG1 SupE∆(lac-proAB)thi hsdR∆5 (F’ :traD36 

rpoA+B+lacIqZ∆M15) 
Laboratory Collection 

BL21(DE3) hsdS gal (l cIts857 ind1 Sam7 nin5 lacUV5-T7 
gene1) 

Invitrogen 

CC118λpir ∆(ara-leu) araD ∆lacX74 galE galK phoA20 thi-1 
rpsE rpoB argE(Am) recA1 RfR(λpir) 

(9) 

P. aeruginosa   
PAO1 Prototrophe, chl-2 B. Holloway 
∆xcpT Chromosomal xcpT deletion in PAO1 Laboratory collection 
∆xcpT∆hxcT Chromosomal xcpT and hxcT deletion in PAO1 This work 
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