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Table S1. PilZ-related domains with known 3D structure

Organism, locus tag | Protein name, Domains in PDB entry, Bound c- | Reference
UniProt entry structure resolution di-GMP
Pseudomonas PilZ or Mapz, PilZ only 1YWU (NMR) No (1-3)
aeruginosa PA4608 | CDGBP_ PSEAE 2L74 (NMR) Yes
5XLY B, 1.76 A Yes
5Y4R D, 2.30 A Yes
Xanthomonas citri Pilz, PilZ only 3CNR A, 1.90 A No (4,5)
Xacl1133 Q8PND9 XANAC 4FOU C,2.10 A No
Xanthomonas PilZ, Xc1028, PilZ only 3DSG A, 2.09 A No (6,7)
campestris Xcc1024 | Q8PBU4 XANCP 4F48 B, 3.00 A No
Legionella pneumo- PilZ, PilZ only 4Q63 A, 1.95 A No N/A
phila 1pg0364 Q5ZYK8 LEGPH
Rhodobacter sphae- BcsA, Glyco_trans_2 - | 4HG6 A, 3.25A No (8-10)
roides RSP_0333 Q3J125 RHOS4 Pilz 4P00 A, 3.25 A Yes
4P02 A, 2.65A Yes
SEIY A, 2.95A Yes
S5EJ1 A, 3.40A Yes
5EJZ A,2.95A Yes
Komagataeibacter CelA, POCWS7, PilZ only 4186, 2.10 A No (11)
xylinus AcsAB ACSA1 KOMXY
Pseudomonas aeru- Algd4, Q9HY69 PilZ only 4RTO, 1.8 A Yes (12)
ginosa PA3542 ALG44 PSEAE 4RT1, 1.7 A Yes
4XRN, 2.0 A Yes
Escherichia coli YcgR YcgR, P76010, PilZN-PilZ 5Y6F, 2.30 A Yes (13)
(b1194) YCGR ECOLI PilZN (YcgR) 5Y6H, 1.77 A No
Pilz 5Y6G, 2.30 A Yes
Pseudomonas putida FlgZ, Q88EQSG, PilZN-PilZ 2GJG, 2.25 A No (14)
PP_4397 YCGR_PSEPK (YcgR-Pilz) 3KYF, 2.10 A Yes
Vibrio cholerae PlzD, Q9KNC3 PilZNR-PilZ 1YLN, 2.20 A No (14, 15)
VCA0042 YCGRL VIBCH (YcgR_2-Pilz) 2RDE, 1.92 A Yes
(=vC0395_0091) 3KYG, 2.10 A Yes
Bacillus subtilis Motl or DgrA, PilZNR-PilZ 5VX6, 3.2 A Yes (16)
BSU22910 YPFA BACSU (YcgR_2-Pilz)
Klebsiella pneumoniae | MrkH, PilZN-PilZ SEJL, 2.30 A Yes (17, 18)
KPK_0839 G3FT00 KLEPN (YcgR-PilZ) 5KEC, 1.95 A No
5KED, 2.65 A No
5KGO, 2.90 A Yes
Xanthomonas campe- | aPilZ or Xcc0612, PilZz_2 3PH1,2.1A No (29)
stris XccB100_2234 | BORTO3 XANCB 3RQA 2.1 A No
Geobacter sulfurredu- | Q748G9 GEOSL DUF5634_N 2L1T (NMR) No N/A
cens GSU3033



https://www.uniprot.org/uniprot/Q9HVI1
https://www.rcsb.org/structure/1YWU
https://www.rcsb.org/structure/2L74
https://www.rcsb.org/structure/5XLY
https://www.rcsb.org/structure/5Y4R
https://www.uniprot.org/uniprot/Q8PND9
https://www.uniprot.org/uniprot/Q8PND9
https://www.rcsb.org/structure/3CNR
https://www.rcsb.org/structure/4FOU
https://www.uniprot.org/uniprot/Q8PBU4
https://www.rcsb.org/structure/3DSG
https://www.rcsb.org/structure/4F48
https://www.uniprot.org/uniprot/Q5ZYK8
https://www.rcsb.org/structure/4Q63
https://www.uniprot.org/uniprot/Q3J125
https://www.rcsb.org/structure/4HG6
https://www.rcsb.org/structure/4P00
https://www.rcsb.org/structure/4P02
https://www.rcsb.org/structure/5EIY
https://www.rcsb.org/structure/5EJ1
https://www.rcsb.org/structure/5EJZ
https://www.uniprot.org/uniprot/P0CW87
https://www.uniprot.org/uniprot/P0CW87
https://www.rcsb.org/structure/4I86
https://www.uniprot.org/uniprot/Q9HY69
https://www.uniprot.org/uniprot/Q9HY69
https://www.rcsb.org/structure/4RT1
https://www.rcsb.org/structure/4RT1
https://www.rcsb.org/structure/4XRN
https://www.uniprot.org/uniprot/P76010
https://www.uniprot.org/uniprot/P76010
https://www.rcsb.org/structure/5EJ1
https://www.rcsb.org/structure/5EJ1
https://www.rcsb.org/structure/5EJ1
https://www.uniprot.org/uniprot/Q88EQ6
https://www.uniprot.org/uniprot/Q88EQ6
https://www.rcsb.org/structure/2GJG
https://www.rcsb.org/structure/3KYF
https://www.uniprot.org/uniprot/Q9KNC3
https://www.uniprot.org/uniprot/Q9KNC3
https://www.rcsb.org/structure/1YLN
https://www.rcsb.org/structure/2RDE
https://www.rcsb.org/structure/3KYG
https://www.uniprot.org/uniprot/P38491
https://www.rcsb.org/structure/5VX6
https://www.uniprot.org/uniprot/G3FT00
https://www.rcsb.org/structure/5VX6
https://www.rcsb.org/structure/5VX6
https://www.rcsb.org/structure/5VX6
https://www.rcsb.org/structure/5VX6
https://www.ebi.ac.uk/pdbe/pdbe-kb/proteins/B0RT03
https://www.rcsb.org/structure/3PH1
https://www.rcsb.org/structure/3RQA
https://www.uniprot.org/uniprot/Q748G9
https://www.rcsb.org/structure/2L1T

Table S2. Structural similarity of PilZ domains according to Dali and VAST

Organism, protein name PDB Alignment length, % identity, RMSD"
(genomic locus tag)® entry Dali VAST

Pseudomonas aeruginosa PilZ, MapZ 2L74 A | 105 aa, 100%, 2.1 A | 102 aa, 100%, 1.5 A
(PA4608)

Xanthomonas citri PilZ (Xac1133) 3CNR B 72 aa, 13%, 2.9A 64 aa, 12%, 2.6 A

Xanthomonas campestris PilZ (Xcc1024) 3DSG B | 72aa, 13%, 3.0A 61aa, 16%, 2.4A

Legionella pneumophila PilZ (Lpg0364) 4063 A | 88aa, 11%, 2.7A 78aa, 10%, 2.1A

Rhodobacter sphaeroides BcsA (RSP_0333) SE)Z A 98aa, 12%, 2.6 A 72 aa, 15%, 1.7A
PilZ domain, aa 578-691

Komagataeibacter xylinus AcsAB, PilZ domain | 4186 B 92 aa, 20%, 2.6 A 91 aa, 20%, 2.5 A

Pseudomonas aeruginosa Alg44 (PA3542), 4RT1 B | 101 aa, 17%, 2.6 A 98aa, 17%, 2.2 A
PilZ domain

Escherichia coli YcgR (b1194)
PilZ domain, aa 111-244 5Y6G A | 101aa, 17%, 2.7A 83aa, 19%, 2.2 A
YcgR domain, aa 1-110 5Y6H A | 80aa, 4%, 2.9A 59aa, 2%, 1.7A

Pseudomonas putida FlgZ (PP_4397) 3KYF A | 101aa, 12%, 2.5A 93aa, 13%, 2.3A

PilZ domain, aa 121-238

Klebsiella pneumoniae MrkH

PilZ domain, aa 107-236 S5KEC D | 104aa, 11%, 3.1A 87aa, 11%, 2.2 A
MrkH_N domain, aa 1-106 S5KEC D | 77aa, 10%, 2.94A 65aa, 11%, 1.8A
Vibrio cholerae PlzD (VCA0042)
PilZ domain, aa 134-247 2RDE A | 99aa, 14%, 3.1A 89aa, 17%, 2.2 A
YcgR_2 domain, aa 24-130 2RDE A | 75aa, 9%, 2.2A 66 aa, 11%, 1.6 A
Bacillus subtilis Motl (BSU22910)
PilZ domain, aa 97-208 5VX6 A | 104 aa, 16%, 3.2 A 96aa, 17%, 1.9A
Motl_N domain, aa 1-96 5VX6 A 69aa, 7%, 2.1A
Xanthomonas campestris Xcc0612 3RQA A 93aa, 12%, 2.9 A 84 aa, 13%, 2.2 A
(XccB100_2234)
Geobacter sulfurreducens GSU3033 2L1T A | 85aa, 5%, 3.1A 65aa, 5%, 2.2A
(aa 1-102)

@ — For multidomain structures, the amino acid (aa) boundaries of the canonical PilZ domains are shown
in parentheses.

b — The overlap length, percent identity, and RMSD values were taken from DALI (20) and VAST (21)
alignments of the respective structures against the stand-alone PilZ domain in the P. aeruginosa
protein MapZ (PDB: 5XLY B).


https://www.rcsb.org/structure/2L74
https://www.rcsb.org/structure/3CNR
https://www.rcsb.org/structure/3DSG
https://www.rcsb.org/structure/4Q63
https://www.rcsb.org/structure/5EJZ
https://www.rcsb.org/structure/4I86
https://www.rcsb.org/structure/4RT1
https://www.rcsb.org/structure/5EJ1
https://www.rcsb.org/structure/5EJ1
https://www.rcsb.org/structure/3KYF
https://www.rcsb.org/structure/5VX6
https://www.rcsb.org/structure/5VX6
https://www.rcsb.org/structure/2RDE
https://www.rcsb.org/structure/2RDE
https://www.rcsb.org/structure/5VX6
https://www.rcsb.org/structure/5VX6
https://www.rcsb.org/structure/3RQA
https://www.rcsb.org/structure/2L1T
https://www.rcsb.org/structure/5XLY

Table S3. Examples of tetrameric PilZ domains

Organism, taxonomy GenBank UniProt c-di-GMP
accession entry motifs®
Bacteroidetes
Sphingobacteriales bacterium RYE43434 AOA4Q3G9X4 Yes
Deferribacteres
Calditerrivibrio nitroreducens ADR18856 E4THN1 Yes
Deferribacter desulfuricans BAI79927 D3PBF4 Yes
Geovibrio thiophilus QAR34335 AOA3R5Z107 No
Denitrovibrio acetiphilus ADD69612 D4H6DS8 No
Seleniivibrio woodruffii TCK61742 AOA4R1KBA3 No
Nitrospinae
Nitrospinae bacterium HBK81472 AOA355B8P2 Yes
Nitrospinae bacterium MAEQ05034 AOA2D5UAS9 Yes
Nitrospirae
Leptospirillum ferriphilum ML-04 AFS54475 J9zCve No
Ca. Magnetobacterium bavaricum KJU82198 AOAOF3GNC4 Yes
Nitrospira defluvii CBK42057 D8PFMO Yes
Nitrospira moscoviensis NSP M-1 ALA58562 AOAOK2GD75 Yes
Nitrospira lenta BS10 SPP65144 AOA330L5V6 Yes
Ca. Nitrospira inopinata CuQ67246 AOA0S4KVQ2 Yes
Ca. Nitrospira nitrificans COMA2 CUS31512 AOA0S4L4)9 Yes
Thermodesulfovibrio aggregans GAQ94083 AOAOU9HLWS8 Yes
Thermodesulfovibrio yellowstonii DSM 1134 ACI20485 B5YK90 Yes
Planctomycetes
Ca. Scalindua brodae KHE92567 AOAOBOEHM4 Yes
Ca. Scalindua japonica GAX60402 AOA286TWZ4 Yes
Candidatus Tectomicrobia
Ca. Tectomicrobia bacterium 0OGL68512 AOA1F7TR77 Yes
Ca. Tectomicrobia bacterium 0OGL59976 AOA1F7T1V7 Yes
Thermodesulfobacteria
Caldimicrobium thiodismutans TF1 BAU22708 AOAOUS5AKT9 Yes
Thermodesulfatator indicus DSM 15286 AEH44194 FSAES8 Yes
Thermodesulfobacterium commune AIH03543 AOA075WT12 Yes
Thermodesulfobacterium geofontis AEH23615 F8C3H8 Yes
Thermosulfurimonas dismutans 0OAQ21198 AOA179D6G4 Yes
Proteobacteria
Acidithiobacillia
Acidithiobacillus caldus SM-1 AEK58128 F9ZN85 No
Acidithiobacillus thiooxidans 0OCX69789 AOA1C211C8 No
Alphaproteobacteria
Magnetococcus marinus MC-1 ABK44455 A0L912 Yes
ABK44456 AOL913 No
Magnetofaba australis IT-1 0SM02482 AOA1Y2K3E3 Yes
0SM02483 AOA1Y2K3B3 No



https://www.ebi.ac.uk/ena/data/view/KHE92567
https://www.ebi.ac.uk/ena/data/view/GAX60402
https://www.ncbi.nlm.nih.gov/protein/ABK44455.1
https://www.ncbi.nlm.nih.gov/protein/ABK44455.1
https://www.ncbi.nlm.nih.gov/protein/OSM02482.1
https://www.ncbi.nlm.nih.gov/protein/OSM02482.1

Betaproteobacteria

Burkholderiales

Chitinimonas taiwanensis DSM 18899 SFZ79374 AOA1K2HRK9 No
Janthinobacterium sp. B9-8 AMC34180 AOAOX8GL31 No
Thiomonas arsenitoxydans CAZ88219 D6CQDI9 No
Thiomonas intermedia K12 ADG30598 D5X0F2 No
Neisseriales
Andreprevotia lacus DSM 23236 SMC24803 AOA1W1XLH4 No
Aquitalea magnusonii SM6 KJV27573 AOAOF3K8N4 No
Chromobacterium haemolyticum H4137 0QS41564 AOA1WO0D3J5 No
Chromobacterium violaceum ATCC 12472 AAQ61178 Q7NSA9 No
lodobacter sp. BJB302 PHV03655 AOA2G3JGH2 No
Vogesella sp. EB KMJ54682 AOA0J5GIX3 No
Nitrosomonadales
Methylobacillus sp. MM3 OAJ71600 AOA1A9NQ49 No
Novimethylophilus kurashikiensis La2-4 GBG13164 AOA2R5F957 No
Sulfuricella denitrificans skB26 BAN35494 S6ALD5 No
Sulfurirhabdus autotrophica DSM 100309 TCV90146 AOA4R3YDM4 No
Sulfuritortus calidifontis DSM 103923 TCS70553 AOA4R3JTBS No
Rhodocyclales
Rhodocyclales bacterium GWA2_65_20 OHC67057 AOA1G3HE94 No
Gammaproteobacteria
Alteromonadales
Alteromonas lipolytica OFI136423 AOA1E8FLX1 No
Alteromonas macleodii AFT74208 AOA1E7DF04 No
Pseudoalteromonas atlantica Té6c ABG40247 Ql5v41 No
Cellvibrionales
Cellvibrio japonicus Uedal107 ACE83634 B3PFR1 Yes
Congregibacter litoralis KT71 EAQ98448 A4A601 No
Ca. Endobugula sertula 0DS24617 AOA1D2QSR9 Yes
Marinimicrobium koreense DSM 16974 ROQ20302 AOA3N1INN93 Yes
Simiduia agarivorans SA1 = DSM 21679 AFU99140 K4KLP2 Yes
Saccharophagus degradans 2-40 ABD81068 Q21JR1 Yes
Teredinibacter turnerae T7901 ACR11340 C5BU89 Yes
Chromatiales
Acidihalobacter prosperus AOV16626 AOA1D8K6R8 No
Ectothiorhodospira haloalkaliphila AHK79421 W8KV09 No
Ectothiorhodospira sp. PHS-1 EHQ51976 H1G2D9 No
Imhoffiella purpurea EXJ16754 W9VBD1 Yes
Marichromatium purpuratum 984 AHF03627 WO0DYU7 No
Nitrosococcus halophilus Nc 4 ADE15429 D5BV79 No
Thioalkalivibrio sp. K90mix ADC71663 D3S9F8 No
Thioalkalivibrio sulfidiphilus HL-EbGr7 ACL73055 B8GT40 No
Thiocystis violascens DSM 198 AFL72424 13Y606 No
Thiorhodococcus drewsii AZ1 EGV30492 G2E330 No
Thiorhodospira sibirica ATCC 700588 EGZ47185 G4E4N4 No
Immundisolibacterales
Immundisolibacter cernigliae ANX04033 AOA1B1YTP7 No
Legionellales
Fluoribacter bozemanae WIGA KTC74835 AOAOWORUT1 Yes
Legionella pneumophila AAU27996 Q57U81 Yes
Tatlockia micdadei NZ2015 ARG97104 AOA098GHK6 Yes




Methylococcales

Methylobacter tundripaludum SV96 EGW20922 G3J150 Yes
Methylocaldum marinum BBA37268 A0A250L021 Yes®
Methylomagnum ishizawai SMF95440 AOA1Y6CYY6 Yes
Methylomonas methanica MC09 AEG00094 GOA1N3 Yes
AEG00685 F9ZV75 Yes
Nevskiales
Fontimonas thermophila SFF33484 AOA1I2HTV9 No
Hydrocarboniphaga dagingensis SHG49207 AOA1MS5K8U8 No
Hydrocarboniphaga effusa AP103 EIT69541 1811H1 No
Nevskiales bacterium MBV61603 AOA2E9ZY24 No
Solimonas aquatica SEQ62310 AOA1H9HIZO No
Steroidobacter denitrificans AMN46591 AOA127FAD2 No
Pseudomonadales
Acinetobacter baumannii SSU13771 AOA1G5DWA1 Yes®
Pseudomonas aeruginosa PAO1 AAGO06377 Q9HZL5 Yes®
Pseudomonas aeruginosa UCBPP-PA14 ABJ12226 AOAOH2ZBV1 Yes®
Pseudomonas fluorescens Pf0-1 ABA75597 Q3K9F7 No
Pseudomonas putida KT2440 AAN67766 Q88KY6 No
Pseudomonas stutzeri A1501 ABP80294 A4VMU3 No
Pseudomonas syringae pv. syringae B728a AAY36947 Q4zV75 Yes?©
Thiopseudomonas denitrificans DSM 28679 TDQ40262 AOA4R6U470 Yes?©
Salinisphaerales
Salinisphaeraceae bacterium CPC72 MAA76332 AOA2DA4SGP5 No
Sedimenticola
Sedimenticola thiotaurini AKH19540 AOAOF7JXL1 No
Thiotrichales
Cycloclasticus sp. strain P1 AFT66357 KOC3W4 Yes
Hydrogenovibrio crunogenus XCL-2 ABB42072 Q31FK1 Yes
Methylophaga frappieri JAM7 AFJ02461 11YHRS8 Yes
Thiomicrospira aerophila AL3 AHF02343 WODYJ5 Yes
Vibrionales
Vibrio cholerae O1 biovar El Tor str. N16961 AAF95033 Q9KQWS3 No
Aliivibrio fischeri ES114 AAWS87531 Q5E0B5 No
Enterovibrio norvegicus DSM 15893 SFP54731 AOA1I5R8T8 No
Photobacterium profundum SS9 CAG20776 Q6LPKO No
Vibrio vulnificus YJ016 BAC95128 Q7MIZ9 No
Xanthomonadales
Aquimonas voraii SDD89738 AOA1G6YHI0 No
Dyella japonica DSM 16301 KLD62119 AOAOGIGYY7 No
Dyella thiooxydans AND67566 AOA160MWT4 No
Frateuria aurantia DSM 6220 AFC86459 H8L3D7 No
Luteibacter rhizovicinus DSM 16549 APG02804 AOA1L3EP40 No
Luteibacter yeojuensis KJV36288 AOAOF3KYJ5 No
Luteimonas sp. FCS-9 KLJ02740 AOAOH1AUJ2 No
Lysobacter defluvii IMMIB APB-9 KG098734 AOAOAOMS8Z6 No
Lysobacter spongiicola DSM 21749 SKA21588 AOA1T4S0W8 No
Mizugakiibacter sediminis GAP65255 AOAOK8QJZ1 No
Pseudoxanthomonas dokdonensis KRG71076 AOAOROCZ69 No
Pseudoxanthomonas spadix BD-a59 AER55289 G7UMX8 No
Rhodanobacter sp. RIFOXYA1 FULL 67_6 OHC44793 AOA1G3FKYO No
Stenotrophomonas maltophilia R551-3 ACF51593 B4SIK4 No



https://www.ebi.ac.uk/ena/data/view/SSU13771
https://www.uniprot.org/uniprot/A0A1G5DWA1

Deltaproteobacteria
Desulfarculus baarsii DSM 2075 ADK85379 E1QLB4 Yes
Desulfatibacillum alkenivorans DSM 16219 SHL13587 AOA1IM6EY5T2 Yes
Desulfonatronospira thiodismutans ASO3-1 EFI34632 D6SPF6 Yes?*
Desulfovibrio alaskensis G20 ABB38944 Q30ZF2 Yes?©
Desulfovibrio magneticus RS-1 BAH75713 C4XxsLe
Desulfurivibrio alkaliphilus AHT 2 ADH85899 D6Z2X4 Yes
Pseudodesulfovibrio aespoeensis Aspo-2 ADU62726 E6VYG3 Yes?*©
Syntrophus aciditrophicus SB ABC77079 Q2LSL7 Yes
Syntrophus gentianae DSM 8423 SEM26456 ACAIH7WXW1 Yes
Zetaproteobacteria
Mariprofundus ferrooxydans PV-1 EAU54705 QOEZJ9 Yes
Zetaproteobacteria bacterium CG2_30_59_37 01001522 AOA1J5I1W]7 Yes

@ — Presence of RxxxR and [D/N]hSxxG motifs, which is an indication of the ability to bind c-di-GMP.
b — The first residue of the [D/N]hSxxG motif is Ser, which still allowed c-di-GMP binding in P. aeruginosa

PA29809.

¢ — A modified [D/N]hSxxG motif, c-di-GMP binding has not been tested.
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Figure S1. Structural superpositions of P. aeruginosa MapZ with canonical PilZ domains.

Stand-alone PilZ domain protein MapZ (PA4608) from P. aeruginosa (PDB entry 5XLY_B, residues
4-107) superposed against canonical PilZ domains listed in Table 1: 2L74 (A); 4Q63 (B); 4RT1 (C);
4186 (D); 5EJZ (E); 5Y6G (F); 3KYF (G); 2RDE (H); 5VX6 (), and 5KEC (J). In all panels, the MapZ structure
is in light grey, aligned structural elements from other proteins are in cyan, structural elements
that deviate from the MapZ structure are in magenta. The Arg residues of the MapZ RxxxR motif

are in stick representation.
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1YLN EEEEEE------ EEEE---EEEEEEE-TT-EEEEEEEEEE---EEEEEE-TT--—-—---— TT----EEEEEE---TT----EEEEEEEEEE---—-—-—-— EEEEEEE----HHHHHHHHHHHHHEEE----EEE
2RDE EEEEEE--—-—--- EEEE---EEEEEEE-TT-EEEEEEEEEE---EEEEEE-TT--—-—-— TT----EEEEEE---TT----EEEEEEEEEE--————-—- EEEEEEE----HHHHHHHHHHHHH-EE----EE-
PF07238 1 ———- QRRRFPRVPVSLPVTLRDGGGE-~--~ YKGRLLDISLGGAAIRLPDEPL----ALGDRVELSLDLLDDGQ-ELALPGRVVRIRPDED----GARLGVQFLDLDEAQRRLLVRLVEG-~-—-—-————-— 102
COG5581 104 TLKRIQRRRYFRVSAPLSPPYYVONKLTDEEPLREFTLYDISAGEBMGLVLEGGLSFR--LHEGIRYVDALVDEGODQQLISISARVVRIRKDEK-LGERRLGLEFLEISPRIERKLIRFVFELOREARRKAR 231
Tetrameric PilZ 24 103 108 124 158 169

Xc6012 10 AADTELFADTLSCELRLPAGFHVTAD-58-TRLALGTVHWSVRGIRLASPHA----HPPGT---TGSVLLQOPSDWLPELLQLPADVLASASD--GOQHWLWLRFAPLGTGLODALERHLFRLHRROIADAR 185
3PH1 HHHHHHHTT---EEEEEEEEEE-----——————— EEEEEE---EEEEEE-—-—-—————— TT----EEEEEE---TT----EEEEEEEEEEEE----—EEEEEEE----HHHHHHHHHHHHHHHHHHHTC--
PF16823 50 ——=——mmmm LPRQPLRWSARGIRLPAGLA--—-—-———-— PAGGGGLLRLRPSDWLPLPLELPVQVQAEADD-———— GRVWLRFAPLGPALEDAMERHLFRLHRRQVAGAR 135
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PA2960 2 SLPPNLGPRNGILSLTIK---—---—-- DKSVLYAAYMPFIRNGGLFIPTN--—-———-— KNYKLGDEVEMLLNLMEEPEKIPVAGKVVWITPKGYAGNRAAGIGVQFNDG----DNTARNKIETYLAGALKSDR 113
Xccl024 1 MSAMNARQGILSLALK--—-—-—-—-————— DKAALYSAYMPFVKSGEGIFVPTP-——-—-—--- KRYMLGDEVFLLLTLPDSSERLPVAGKVVWTTPAG!GNRAAGIGVQFPDG——PEGEAVRNKIETLLAGLTTSDK 112
3DSG 1 —————————- EEEE-————————————— HHHHHHH--TT-TT-EEEEE--———--—————— TT-EEEEEEE-TT----EEEEEEEEEEE--————————— EEEE-————- HHHHHHHHHHHHHH------—-
Xacll33 1 MSAMNARQGILSLALK-----—-———--— DKPALYSAYMPFVKGGGIFVPTP--————-— KRYMLGDEVFLLLTLPDSSERLPVAGKVVWTTPAG!GNRAAGIGVQFPDG——PEGEAVRNKIETLLAGLTTSDK 112
3CNR 1 ———————- EEEE-———=————————— HHHHHHHEETT-TT-EEEEE----—-—-—————— TT-EEEEEEE-TT---EEEEEEEEEEEE-—-—-—————— EEEEE-—-—-——- HHHHHHHHHHHHHH----—--——

Figure S2. Structure-based sequence alignment of canonical PilZ domains.

The protein names are linked to the respective entries in UniProt, the structure names are linked to the PDB. motif. Proteins are listed under their GenBank
accessions, proteins from model organisms are shown under their UniProt identifiers and linked to the respective UniProt entries. Each sequence is followed by its
secondary structure(s) derived from the PDB entries (H, a-helix; E, B-strand; T, turn). The sequence alignment was generated with VAST (21) and manually adjusted
based on the alighments shown in Fig. S1. Conserved hydrophobic residues are shaded yellow, those forming the hydrophobic pocket are in bold; small (turn)
residues are shaded green. In the RxxxR and [D/N]hSxxG motifs and in the C-terminal a-helix, positively charged residues (R, K, H) are in blue, acidic (D, E) are in red,
N, Q, Sand T are in purple. Also included are sequence and structure of the tetramer-forming PilZ (tPilZ) domain, the sequences of the eponymous PilZ protein
(PA2960) from P. aeruginosa and its orthologs from X. campestris and X. citri, and the sequences of Pfam entries for PilZ (PF07238) and PilZ_2 (PF16823) domains.


https://www.uniprot.org/uniprot/Q9HVI1
https://www.rcsb.org/structure/5XLY
https://www.uniprot.org/uniprot/Q9HY69
https://www.uniprot.org/uniprot/Q5ZYK8
https://www.rcsb.org/structure/4Q63
https://www.uniprot.org/uniprot/Q3J125
https://www.rcsb.org/structure/5EIY
https://www.uniprot.org/uniprot/P0CW87
https://www.rcsb.org/structure/4I86
https://www.uniprot.org/uniprot/P76010
https://www.rcsb.org/structure/5Y6F
https://www.uniprot.org/uniprot/Q88EQ6
https://www.rcsb.org/structure/2GJG
https://www.rcsb.org/structure/3KYF
https://www.uniprot.org/uniprot/G3FT00
https://www.rcsb.org/structure/5EJL
https://www.uniprot.org/uniprot/P38491
https://www.rcsb.org/structure/5VX6
https://www.uniprot.org/uniprot/Q9KNC3
https://www.rcsb.org/structure/1YLN
https://www.rcsb.org/structure/2RDE
http://pfam.xfam.org/family/PF07238
https://ftp.ncbi.nih.gov/pub/COG/COG2014/static/byCOG/COG5581.html
https://www.uniprot.org/uniprot/B0RT03
https://www.rcsb.org/structure/3PH1
http://pfam.xfam.org/family/PF16823
https://www.uniprot.org/uniprot/G3XCZ3
https://www.uniprot.org/uniprot/Q8PBU4
https://www.rcsb.org/structure/3DSG
https://www.uniprot.org/uniprot/Q8PND9
https://www.rcsb.org/structure/3CNR
http://pfam.xfam.org/family/PF07238
http://pfam.xfam.org/family/PF16823

RxxxR DxKLD Dhsxx@
10 20 30 40 50 60 70 80 920 100 110 120 130 140 150 160 170 180
o [ — R R [ \ -1 -1 -=-1 [ \ \ | [ [ [ |
3PHL C 9 TLAPAADTELFADTLSCELRLPAGFHVTADPG- SHATAETLLRSLGQVEDLRSEDSSEERGELPLLVQRMDAKLDLILALIGRLVRQSDTRLALGTVHWSVRIIRLASPHAHPPITTGSV'LLQPSDWLPELLQLPADVLASASDGQQHWLWLRFAPLGTGLQDALERHLFRLHRRQIADARRQR
SS_DSSP GGSHERHARAATTSCCEEEEEEEEEES SCCCC-CHENRHARARRANARCS CCSSCSCSSTTTSCS HHARHARAHARAAARAARAARARS CCCCEEEEEECS SEEEEEES SCCCTTCEEEEEECCCSSSCCCEEEEEEEEEEEECSSCEEEREERCCCC HERAHRARARHARARARN - - ---—-
Acidithiobacillia

F9ZN85 Acidithiobacil
0CX69789_Acidithiobac
Alphaproteobacteria
ABK44455 Magnetococc
ABK44456_Magnetococc
Betaproteobacteria

--MGIAAVELCGRFPLAWYSAPEDDSIMDANLVLLKALLLDGDGP -~
—MLEQHAVVLEDVLPLSLEKGQVDPELMLDNLALLKALLVMDDHL -

—~TKEDDEHGVLPALHTKIDLLLLMMSKGLRGLEPLPESVYCCMDAQQLRWRGQPAGT PEIGPGALALY LRPNMAI PLILPGSLMKDLPG-SEGDWSGRFAMLSETVQECLDRLIFRYHRRSVARSREKP
—-LMEDDNREAISSLETKIDLLLLLVGKGIQGLEPLBTSYSCALGAEDLYWETTSSAE GPVCVALFLRPRIAMPLFLPGTLQMSVTQEGSAETLSRY LDARVQESLDRLIFRHHRRSTARQKDHH

—-MAEKISQSQREFVRIDDLLPLAWQSVEPEA--YAKIAEYYENHRI FPP@QDLQRT DPNLSHILGRLDQKLNLLLKLFHPQDNDLPM--ALTPVNLSG!

LAFWEQDPSLEMIOMRLALSEDALFVVECYARVIVVIPNDRDGMTRVAVKFDPVLPHDREQIIQHIFRROQNELLRTKKGRR
RAQQLDAAAERVKGHRIAYEIPMGTPFWW————-. KRTRREMAARMRVFEFRD. SPLPTDGSLRNNLFTALDHKLNLLLOQGASPPPPQTVVHRLADSAFITGE]

IFKEISPRIE] IEIQFAISVTPPFSSRGYFEVVQITPDTQEKRYEIVCCYAT:!WNDDVLFRWRVIREGEFNQIERYYKA

KJv27573_Aquitalea 1 ———-- MHLLPALDSASFDAHLPLQVQLLNDAQEAARQRETRLALRVLAAPSE ****** TPEEPDPMLMRLEAKLDLALEIALLGHHPDR--PPLTPCRLGLDSIAWLSDHPWR DAVQIALMPNPDSALMLFLAAHIEEQHPT2ESYAIIARLQEQDEQTQPLWERWVFRRHRRAILER****
SFZz79374_Chitinimonas 1 - MPTAIKIHADLPLVWHPQAGP--AGTDGVLLLRVLALLEAAP-PHYDEEDSAELQRWQAMEARVDLSLHLLGQLLLRDGPLEBQVCPVSLSG SWCSDQALPIGOQGTLALYLSPRIPQPLLLPAQITAAEQLAGGWQLEAHFRLGDDE LQDWLDKTIFRRHRRE IFERKHAH
Q7NSA9 Chromobac_viol 1 MADKQTPGLLELDTVSFDAELPFLAQALEGDYSPRLQRETRLALRVLAAPGE - ~TPDDSNPVLLRLEAKLDLALEVSLLERHPER--PPCTPCRLGLNAIAWQDSQAWAPGQOPLLLSLY PNPDSALSLCLYGRVLECRPQWMKAHLLSADIHAFDODTHLMWEKWVEFRRHRRATI LER-— -~
00QS41564_Chromobacter 1 ~TLPEADPMLVRLEAKLDLALEVSLLSRHPER--PPLTPCRLGLDSIAWISDHANHGSEPVLVALCPNPDSALLLFLAARINTVTPGHGNY LIRADIAMFDEATRLLWEKWVFRRHRKAILER-— -~
PHV03655 TIodobacter 1 -----MNTLPVPDGVHFSAHLPLAWHGVLQQ--SAFEATRYLAVLAEFESIS— —-DERSHAQDALHAKLDLMLLWTAKNASHTL--PAAKEVIIGLETIVWRDSAALPLGAHGALALSLSHILPFSLOLPAEIISCAVSEQGYVLTARLLLOQEEALRDWFERTVFRNHRRLVHAERGAQ
AMC34180_Janthinobac 1 -----MNQLPIPDGVHFSAHLPLVWHSVWQQ--SAFEATRYLAVLAEFESTS— —-DERSHAQDALHAKLDLMLLWTAKNASHNL--PAAKEVVVGLETISWRDVAALPVGAHGALAISLSQVLPFPLOQLPAEIVSCVGADQAY TVTARLLLKEEALRDWFERTVFRNHRHIVHAERGAQ
OAJ71600_Methylobacil 1 ----MTNDSPESPGITYQASLPLSWRKEPAPSEWRYSNISLLRGLATLEAAPMDRDHEADTHLAKALERLENKLDIALTMLAHVTMRNIE! GARNVGWLSDQSLPAEMDHVLISLY LSPRLPEPLOLHARIISSAG----GRCVAALMDEDPEFEEWMTRTLFRYHRRGLOARHQE -
BAN35494_Sulfuricella 1 --MDRLNRVLSQEGVSYFTAIPLSWHPEAELSEWMYGNVTLLRALAT IEAMQPELDGDLGAGVGKVLERLEFKIDLTLSLVAKLLTQHAV! WISKEAAMEGDDIVISAYISPKLPQPLVLPAKIKSIQSESGGTRIYATFTHLSEEAQDWLSRTVFRYHRREVOQHSR-—
CAZ88219_Thiomonas_ar 16 FASHPDALHGAVAAVQLDGVFPLDWVEELNPPEVMADNNTLLRALLMLDEPT--VSHDSEHGRADPIONLERRVDLLLLMASAALRGLGNLEBPERPCALSSRKLRWASEQPLEVERRLWARIYLRHRIALPLVLSGLMTEQRPDRGQFWHTLELDPLDOQVONDLDRLI FRHHRROVARKROGA
KMJ54682_Vogesella 1 - MPLPELDTVSFDSCFPLRFHPAPD---EATRHAAQLETGLALAVLA--APLDODSDGSPLLOQRLEAKLDFVLELGLLARYPQL-—| PARPCRIGLEIVVWQDELAASP DSGLLQLHPHAPSGCPLYLFVTIEASQTRPDGYQHLARLQERHDNDTRRWERWVFQQHRQHIGKGKA——
Gammaproteobacteria

BORTO03 Xantho_campes 6 TLAPAADTELFADTLSCELRLPAGFHVTADPG—SHATAETLLRSLGQVEDLRSEDSSEERGELPLLVQRMDAKLDLILALIGRLVRQSDTRLALGTVHWSVRIIRLASPHAHPP TTGSVLLOPSDWLPELLQLPADVLASASDGQOHWLWLRFAPLGTGLQDALERHLFRLHRROIADARROR
QI9KQOW3 Vibrio_choler 1 --MNDQEFFTVHHALTINVEPLAEHFTLPSHEHEI PAPFVVASEFSQLEQLSHELKNSDFKSVLOLLEAQNAKLNLLLTFMLSQQDDPQ--SRSATTRFGASQLTYLAKSPLOIGOKVRVKLFL-EYPAAAIYCYASVMOCOQEPEHTLVTLKYDLLRDVDODLLIKAALY OQORLLRQRSLDR
QO9HZL5 Pseudomon_aer 54 FAMSTRDADDRREYYRIEDTLALEFRPAGAVE[IPGATLFSLLSDLHLMDYESHRHISERDRTLANY LKVMNKRIDLLGQVMVQSLLKEI --@EPRKVSLSEGEVSFRHDRALPVEOLLVLRMVL-LPQGFGLELRARVIHAQPHDDEFEIGTEFEALSDAQROLLARHILQKQAQORRLARAGQ
Q3K9F7_Pseudomon_flu 1 --MSTLDEEDRREYYRIEDTIALEIRPLSAPERDASPLFNLLSELHLSEFESHROISERDRAIAAFLKSQNKRIDLLSQVVALTVLGHI--@EPQPVIISEGEIDFQHPTPIASGAHLSVKLYVL-MPQALGLLLRARVTHCDRKGDGY DVGTEFEHLTDAQRQLLARY ILQKQAQERRLAREQN
Q42ZV75_Pseudomon_syr 1 --MSTLDEAGRREYYRIDDSVALEINPLSAADEDTSTLFDLLSELHVSEFESEHROLDERDRVLNSFLKSLSKRIDLLGEVVAHTALGKL--BAPQPVKLSEGEIQFNSQQAFAVEEQLSIKMVL-MPOAAGLMLRARVSQCDTLAGNFY I STEFVNLPDAQRQLLARHVLQRQAQORRQALEQG
Q88KY6_Pseudomon_put 1 --MTTLDEEDRREYYRIEDRIALQISPLSAAFRSDDSPLFNLLSELHLADFESHROLSDKDRT LAAFLRAQNKRLDLLSAVVGQTLLGEV--GEPLPVVISEGGIESVHATQIAPEGTRVKVKMYL-MPRAHGLLLRGKVTHCDPREGGFEVGTEFIDMTDAQRQLLARY ILQRQOQORRQQLELN
I4CVB9_Pseudomon_stu 20 IAMPTQDTEERREYYRIEDRVALEIIPADQGQBIPLPPLFSLLGELHQLDFEAHRQIAESNRTLANYLKVONKRIELLGQALAQDLLKDQ--GAPQPVILSEGEISFASEQPRAEGERLTLKLIL-LPQGLGLVLAARVIYCT PMAGRYDIGTEFEALT DAQRQLLARHILQKQALERRLALESL
QSZusliLegiOnella_Pn 1 —~LRKVNISLGEBMAFKTMEQIREKTNLKIILYT-KPKMIPIIVDAVVVYSQYQUTHYRTAVAFCNLTSEQEQLLSQHILQAQIKSRAD---——
OFI36423_Alteromonas 3 SLTLAEKQAQFNEFFLISHAIKVNMRELNADFYLEEHMPYAFRIASEMASIEGRNLSDHAADLVNYLSHQSRKIDLMMSY ILHQQODDPD--YRFESIRFGGGEVIINHPTPLEAGTRAELKLFV-SEEAAAIFCYGEVITCQOEPDGYHIAFIFTRIREQDQELLVRASLHLQTQOLRKRSQQOK
EAQ98448_Congregibact 1 ---MTETQKKSEGGLAYSDNISIAWRKIDHELEVNASNEDFLRAVSVIGDAGEEQQESSSGIVAQEVARLDLKVNLLLDLVGTLIYHQLDIBDTSPVRVSAAL VAWKGD*VPE?IATIYLELYIQRGLPKPLCCYGEVVSTAEDFAKGTAKVKFTGLTGAAKSWLEKLIFRHHRREVAFKRSSG
AND67566_Dyella thio 1 --MSQALWSEFSERVSVADQLRVAVTARDVDEYLAERNVAAMASIAALEERR--PEPEDDGPVMQELARLDAKLNALVELVGRALQPVGSLPPRRAVRFNSLEIVVPSDLLPAG-QDLCVRLHPDVCPSLVLELPASLERPFDD--~-GRAFLAFRPLGEAHADALERLVFRTHRRKIAETRQSL
EHQ51976_Ectothiorhod 1 ----MTTDDPFKDVLVIRDRLPLAMEPVDGIPYINEANESLLRVCAGMDDVQ-PRRIDDAGEVTQELLRIESKVNLLVEMVSLLLHAHARIPPPVPLRISAEGLGWVQPESLPPEOALCLSFYLCPQFPRPLTLYARVTSCEAAESGYDLSVLFQGMS PALEDGIQKMVFRRHRRSIAQSRSRR
SFF33484_Fontimonas 1 - MEGLLDQWLGYRDCLPLTLEPLVEPPYWHEQNLRTLHVIAILDERH--QRGEPGGAIESEIERLHQKLDVVLELLGAVVRARRGDLPTRPVRLSREGLSWPVAPDSPAMTOWLASLDLHGSAPAPLCWPVQILGVHE----GEVCARFVAMTDALGAAIERLVFTRHRRSVAGARSPG
AFC86459_Frateuria 2 SQASGLNWQRFSDQISLETQLRLQLEVLPHDF5QMQLNASLLETLLALDKPKELLVDDERNDYSGELQLISARLDLVMAMLGRISPSVE** SRHPLRLNACGALLDPALTGSGHPRRLLRLYFEHCPTVPLELSGTLDPAHPG-—--—= FVGLDTLSPAVHDALERLVFMHHRRQVAASRGK -
AHK79421 Halorhodosp 1 ----MTLGDPFQDVLVIQDRLPILHSTVEALPYVNEANEGLLRVYVSLDDASPRVNEELGSEISHELARIETKLNVILEMLGSLLHTQVKSPDPVTMRISAEGLGWVQAERLE PEOMLRMHWHLCPQFPRPLELYGEVASCQAVADGFDISVGFRGLSPLLEDGIQKLVFRRHRRSVAQSRAR—
EIT69541 Hydrocarbon 1 === MNADGPLSYRVEAPMRWVAVDGAFYWSEANLRVLTQIAQFEERG--VPVEQPTPQDLEIQRLHAKLDLLLGAVAELAPRFLDRPPROPLOLSWRSLSFPADAQTPAMSFGLVEVHLHALVLQPLRWPARMEQVA— —~GIAQAELLAANDAAQQALERHVFQOHRRATAAARRS -
EXJ16865_Imhoffiella 1 -MTNEIWSEVLGDGLAVSLELPVGPSERPIT--AGDSAAHLLEAIALIEDAG--PQRPKDEPQAPDLQRLEVKIDLLTDLVSSLLADRI--PRGTPVTIVSADEGLVLSTCSLAS--DCDRIEIYPCHWLAQPVVLELGPILVRD:

ANX04033_Immundisoli 1 --MDTDAVDPLAGGLSLADSLVLVWQPLKELPYANRQAATLLALLGNLDEPP--PPLDDAPQLAAHLHRLDQKLDLLLGLMGRWHKRELELPDPQPARLGLREVLWRAPLPA---GPGRISLYLHAALPSALELPATLLPLGD:

APG02804_Luteibacter 1 --MSDEGWLAFSERVAWDARFHATCEPGPRPD[JINDRNASVLVAVSALMDRR-SDISEDDSPLTQEVARLDAKLNVLMEIVNRLLLPQSGLEPRIALRFNASGAVLPWDGLPPVEQTALLKIHFDACRALPLELPAVRLAGPTD--~-GKGFLGFEGLSEPVRDGIERLVFROHRRQVAEARAHA
KGO98734_Lysobacter 1 MNGHAGRESVFGDALACGELRPAAFVAGTGD. CLRSEALLRAIAVVEDSHGREEPEERGLHDLAVQRIEAKLDLLSALVASLVNRQVGSDPVRPLEWSAHEGACLVLPEAPTAEJOPGMLRVRPCDWLPETLELPATVVGVDHDGDGHQLWLRFIHHSPALTAALERHLFRIHRRAVAE SRRPR
AHF03627_Marichromat 10 TTIPAAWRGVLGEGLAVTLVLALAPSRRAPT**LAESGIRLLDAIAMLEDGR***RGGRDETPSLELQRLEAKVDLLMQLLSTWMQEQL**IAPVSATLSAE iVVLPAALLET--TDDRLEFYPSAAFAQPLVLGLEAVCELD----GVMGARWCFSDDGLREALGRWVFRMHRRAVARARR-—
OAI04824 Methylomonas 1 ---MADEIEEKRRYFRVNDTINLLHKVIDKKH[JVSNDVLGNCSLTSALDVLAGPRLERRDPEMFEYLKIIDTKINLIAQAISAQSEEFSE-HDTREVSLSAT) LAFSNETPIEV.ELLELRMLL*TSCMAVIVAYANVVHCKDI [RPYSICVEYVNLTEDDRE LLIKHVVKKQLOQLRDKNEF—
PHS22994_Methylophaga 1 MENMPEFNSDRREFFRINDTVEFVEITAIDGKEENPVPNNTNLTQ-QQLNELTYDOISQSDRETARALRLLDEKVNLIAST IQHQONVADH-LDTTDVNLSGGEIAFLSTDOFAIKSPVEIRIEL-GHSGTFINAIANVIACDKL[ITPYYLRLAFSHMSEYDRNLLVKHTLSRQAQALRI SQK-—
D5BV79 Nitrosococcus 9 EIESQFPPQPLGQGVFYQSQHPLIWRCVKPE. VCRDNERLLKLLNSSIPSP—LELLEEQPLLYSELQRLELKVDLLLEQIGLLLAQQAPLIAAVPLRLTAQELQWWAQEAPRS [ETVQVEVYLKEELRRPLVLLGRVKAREAETHGYRVWVLFTDLGEGVREGLERFIFRWHRRHIAQTRKGS
PCH84856_Piscirickett 1 ---MSREGQERRDFFRIDDEIILNYRLVSSDE] LLVNEASSLTLATGLEKMKERHVEKEMPEVARYFTHIENKIDLIARHVMMNADGLFT—ENTQAVSISGSILAFTIQEELPI SHIELKFIL—KPSLLCIRTFSTVVSCIREEGQYKIAVEFSKLTEGDQDVLIRHVVQKQMNEIREHNE——
MAZ70639_Porticoccus 1 ----MDKSEESASALSFTDNISIAWSKIDYQP VNESNESFPRAVSAISEFSKETSDSSNPALSQELARLDLKLNLLLDLVGQLIYSQLDIIDISRVTVSSAQVDWQDGSVPEP SIVEVQVYIQRGTPKPLCFYGEVVSSPDDYRRGWARVRYLGLSESVQVWLDKLIFRHHRREVAYRKSSS
Q15V41 Pseudoalterom 3 GISLEEKQQQFNEFFTIEHAIRVNFKAVAAGFYLGEHMPYAFRVASEATAIDYRNMGEHAVELANFLNAQSRKIDLLMSLVLQQQDDPS--LAYESVKFGGGEIIVKCDEAYEPEQIVELKLFL-KEEASAIFCYGEVIECQQOAGAQYHVSLI¥YNCIREEDQDLLVRASLHLQTAQLRKRAKQQ
OES34623_Pseudoalter 3 ELSLEQKKAQFDEYFSIAHRINANMRPLGEDEQLEESMPYAFRIASEMAAIEGRNLSDHAESLADY LNHQSRKIDLMMSEVLHQQDEPE--FRFKTVKLGG IESKEALDVEAKAELKLFL-DAEAAAIFCFGEVITCEQVEDRYHIAFIFNTIREQDQELLVRASLHIQTOOLRKRAKEK
AER55289_Pseudoxanth 1 MTPEQARHALFGEILTLEETRAARFLPGALLPEACAQGEALLRALAVIDDGA-ARSDEQDPQGEPALLRMEAKLDVLTLLVAELAAAQERGDPRQPLVWSA! LVVSDPPAAGQQGLLRMRASDWLPTRLLLPAQVLAVQAESAGTRVWLAFVQLSPALQSALERHVFRIHRREVAQLRRER
KRG71076_Pseudoxanth 7 HLPHPAEASLFGDALTCDAVLPASFQRGARVL-MQQOASETLLLGLAVAEDTR-GEDPDERGELPLAVQRLDAKLDLVLGLLGRLAGRLENPLPPCPLRWSHREGLRLDLEQPVDVEDTGVVRLAPVSWINDSIELPVTVLDQQHSESGOHLWLRTGALEPGYAEALERHLFRMHRRQIAEARR
OHC44793_Rhodanobact 9 GSLTPGGWDDFEQRVSCEESLHADCEPLAWPPGLSDRNANTLAAIAALEERR-. ADTGEDDSPLMQEMLRMDAKLTVLVEIVNNLLVPGSVLIPRQLLRFNAL ILPAGFAPAD-GGLLLRMRFDLCRSLPLELPARVERQFDD---GRVEVVFAPLGDALGDAIERLVFRHHRRKVAGARQPP
MAA76332_Salinishaer 33 RPATADSASPGEAGPGFEAWMPFRWOAWT PAAHRHESNLRMLRVIATLETRE--NEPAEDDPLAQEFARLHDKVDLMLEMMAGLYERQGS-VSSROVOMTWROLRLDNADLPWPEGVQVLLELWLHPLIARPLVLAATRLPVDRQPAEETAVFEIETLSGELGAAWERYVFROHRREVSRGROSR
SEQ62310_Solimonas 1 - MNPARSECLSYEDRLPVALRPAATNG] WQEQNLRVLAAIATLDERP**RL*DPDSGTGAEFERLHRKFDVMIELLGALLRTQSSLIQPQMVRLSSE LSLPLSEAAPSHUSLOEVELHLHACAPSPWRWLAEVSSHEA----GELQLRFLPMSMALATALERHVFTRHRRSVADARSPA
B4SIK4 Stenotrophom 8 SLHHPAESELFDETLSCELALPAEFQAGSAAG-RTSSAEGLLRSLALVEDSR-VDEHEERSEASLQLQRLEAKLDLAMVLLGRLVRQQGQELTLRPVRWSRREIRLOLGPRSGARIQAGVVRLOPSDWLPDHIDLPVEVIAEAA GHYLWLRFQRLGDGLEMAMERHLFRLHRROVAEARRAR
AMN46591_Steroidobac 1 -MYEGLDTVVLYEELAYEDVLPVAWMPLRQEFYHADRNLRVLQALSALDEHGTIEKPDDNSPNAADLLRLELKLNLLLDMVGALLVNSQSRPQASPIRFNALGATWHAAAPLPQHUOHGILEIHVRDCIAEPLRLPGRITAVAAD---GRVKVRFIPPGEHIADLMEKLAFRKHRRQVAGARQRT
PCI15126_Thiotrichal 1 MSMTKNNSEQLGEGVIYKDIIPLKWRDILREEILQDANEEVLRFITTLDDFHVENQDELGSASGSDLSRIEFKLNLLLDMVTQLVEREM EAVPITLGSAGIEWMSNVVPREGALLELSLY LHHKYPRPLIVIGEVLSVTP IGRYLVRLAEMSAPVQSGLEKIIFRQHRRSIAQSRRGS
D3S9F8 Thioalkalivib 1 -MTASEWSEYLGDDLRVSSALAVGPSDRALT--DPGLAQRLIESLDLFDDTH-PRSIPHEDESAPEIQRLEHKLDLLLHLVAESLHPAR--PAPVEATLSRHEIVLPAGTVPE--DCDRLEIYLSRLLPQPCVLGVESPTTAG----DVQLMRWADMEGS LREALGRWIFRLHRRE IADKRQKV
G4E4AN4_Thiorhodospir 1 ———MQTADDDDFDGLMVHEQLSFSWRLLDAPPELCEANEALLRVCATLDDAM—PRLSNEGSEVVQELVRFDAKLNLLLEMVSELLHTTRQL OMT PLELGAQGLRFPCAQLLAPPSLLLLDVYACPQFPKALRLFARVLDGQEDLEGYRIMARFEGLSTAMTEGLEKLVFRRHRRSTALRKHKL
I3Y606_Thiocystis_vi 1 -MAMEDWRDVLGEGLAVTLELPVAPSDRMPT--TSDAASRLLEATIAVLEAEP--QGHAKEDPVTPELARLELKIDLLMDLVTTLLADKI --PRRSRVGLSGDELVLPATVLTS--DCERIEVFPCHWLAQPLVLELSRVQCRG----DECGATWRS PDDGFKEVLRRWVFRMHRREVARRRFQS
Deltaproteobacteria

BAH75713_Desulfovibr 1 MTRETAAVEEKRTYMRIPTRLRGHLRLVPNAD-EMPLYRETPPMGSTPCAVD-PRDPGISEPLFSLLCTINSKLDMLLAMQODRDVLETDFPVTMDITEISG FSTTEELSLEQPVEAVIVLARFPMRLAGAMGRIIRREEIDGQVVYALDFTRIRERDLESIVQFVFQSQRDDLRGKKWD—
ABB38944_Desulfovibr 1 —=——-- MEKRSYSRVAASISGRFRLMSGTD-DQPLYSGWSGASAKDAEQA-LQQAKLPDAMVQFLATMDAKLDAILGOMORDTLREDFPFRLRVSQISGAGIRFFTQEEVLHEGSLLEVVLF 7VASAAGRITRCSTHADALSYAAQNEYALEFTVINDSELEQVIGFVFDQERRI TRQHRWE -
ADK85379_Desulfarcula 1 ---MPESHSHDRDFFRAPARLSVRYGPDTPEGESLWQTQSQLEEARRAVKEN-RNISDSLLPLLDVLRWLDFKVDMVLHHLRQREHDQHFPHLLETFDISGSGBLGVASHGALALGORLILAISLPNRPWRPIYARGEVVRDKKDEGQPRFGVREFSHIPEADQERLVRFTFEQQRROLARRNQEA
SHL13587_Desulfatibac 1 --MNNIEASEKRDYVRVPFKGNVTFRILTEDE] EKENWSENTNRGLISENFDHAGESAVDPNLVRFLLHLEDKLDRILGLLGDKSRNGM——EVGSGIDISSS LKFRTSRPLEEGQHLEMRFVV4IVCLDILGTVTRVIPVYDQWMKQYEVATNLYEFDGQTTEEIMAYAFRVQREALRSKRKQ -
Q2LSL7 Syntrophus_ac 1 -MEKGKSDIDKRQFSRVEAFIPLSYRLVPEQE-LAFLKSRILDQTYPKNPKV--LPETADSALYGSLCILNAKLDQILHLLTLRNEGFNA-LSSRLVNISGAGLCFTTPEKFAEGDI IEIKTFLSPHKNRALCLYGMIIASEERAEGYRLSLSFVQMDDSVREEIVKFVFERERELLREKRGS —
E6VYG3_Pseudodesulfov 1 --MSDEKRTFSRVPVRLKGYARVMRNIESSPIYTGDGVGDAACATALFKGSK-—----— LPEDLTNFLLEINRKLDRILGSLSQGGLRDDFPLDIEIMELSAVEIKFRSKSSFEIGTPLEIVIIL-GQVPLKMAGSKGIVRGIDE-DTGLSRFEFVDTLESGMEAIVQFVFQOQREQIRKTKM-—
Zetaproteobacteria

0IQ01522_ Zetaproteob 1 **MADTDDGNRRQDFRVDDLLPMQDKPMDDATEIRSRQSRLLRNMVGNDIFSEVPSHSDGSETSRALEALDAKLNYLIGVNMLNDANRND*LDERPVNISATIMSFATSQVYALIDHLEVTVMLPALPPVVMELLGTVRRIEPAEGQVYLGVNFVFRCDDEQEQIASYVFRRHREMIRLELRQK
Deferribacteres

ADR18856_Calditerriv 73 SVIKELPAKSDRSHYRIGYNGYFRIKKITGDPzYYQEVKNINEGIKNSLSY SKEIPOMQYVLWYLFELDNKIDEILEILKEEKKLNADY IKIKTIDISG! FSFFSESKDFNEDIFFVDGLIDDGSIKIRFASISRVVSRHEZKGVICGTVFEEIDNDIRENIVKYVFDKDREMLKEAKNL*
BAI79927_Deferribact 73 KIISNVEKGLRREHYRIDYKGKYKIKLIDVDS--LSDFKRIIDRKSIQAKSTOKETSSMQYVLRFLLEIDTKLDLVLESLSNKEIDLEFM-EVDAIDISGGELSFFSPEEIDKELFLYIEGDIRESLTRVKFYAIGKIVSEFKERGY IYGVEFKY IDNELREDIIKYVFEKDRELIKKSIQS—
Nitrospirae

J9ZCV6_Leptospirillum 22 EKEFSARKREVLGDFTVFDVLPLVIQSPEDRNHMSLVPRRSVLPIYPASWTS---GPSENQIPWLVLFQSMEERLNQMMLILARLSSGEKVMPVPVKVEISSSGIVFPSDFSYPENEALHLLIDLPVFPPMEMDVLARVSACAQSETRTDVLVAFDPLPSGLRDQLLQYIVVROREETRQGOKDR
ALA58562 Nitrospira m 10 SVPPSVAQDERREWLRIDDRLLLEYRLVTEPAQGVPAVTQDMIAAAVAKPTAELLARNGELLAGSPILPWIMKVDWLLEVMLKAMAVLHPEARVTDVNISGGEIGFASARRFESGDRLSVKIIL--PPFTPVHTVAKVIRCAALEOAFDVATQFEQLSADDQEHI IQHI TRTQAERLRARRQQT
SPP65144_Nitrospira_1 7 LKESSLAVDERREWIRVDDHLLMEYRLTSESASSTPPLTDEMIAAAVGKPTADLLARSGDALATSPLLPWIMKVDWLMEVLLRGMAHMQPEARLTEVNISGGEISFVSPRPFQPSDLLTLKLIL--PPFTPVNTTAKVIRTSPLEPGYLIATQYVELAPDEQEHIIRHIIQTQAERLRARRASA
CUS31512_Ca_Nitrospir 9 STPPTSAADERREWIRIDDRVLMEYRVLAETGIATSATPEIISAVVTQPTAD-LLARTGESLIGSPVLPWIMKVDYILEVILNSLAMTHPEARPTDVNLSG! GEVSPREFTAGDOLAIKMIL--PPFRLIQAVVQVIRSVPOELAFVVATEFVDLKPDDQEYLIRHILHTQAERLRARRAAT
Thermodesulfobacteria

PMP71471 Thermodesulf 1 MINMEESYQKMREFSRVDAVIPLQVRLICPEE-RQKIKARIFGEVSFFSAP---VDEPADKALAQWIKLINSKLDYLISLWSLRQEGFCE-LPLTEVNISG! SFISHVCYSKGDILELKMVLESPQSIAMFVYGEVVKCERINNSYKIAVKFINIDEDIRDYIVRFVFHRQROLTIRQKREI -
GAQ94083_Thermodesulf 1 -MVMEEKYQKMREFSRIDAVIPFSARLVSSED-KTKVKSRILGEINFAQTP---VEEPLDKVLAQWLKVINAKLDYLINLWSLKEEGFSC-LPTAEVNISG! SFISDIPYNKGDILELKMVLETPSPVALFLYGEVIKCEALNSGYRVAVQFVNIDEDIRDYVVRFVEYRQROLLROKKEV -
ACI20485_Thermodesulf 1 MGNMEETYQRMREFSRVDAVIPLGVRLISSEE-KPRIKARISGEINFARPP---LDEPADKALAEWIKMINSKLDYLINLWSFKEEGFSS-LATTEVNISGGEMSFVSDLSYNKGDI LELKAVLESPSPVALFLYGEVVKCEMINNAYRVAVKFINIEEDIRDYITRFVFHRQROQLLRQKRET —
F8AE58_Thermodesulfat 1 - —MTEKPEEKRNYIRVYDHVLLRLNPISRE!EPWIDPIRPPGEIFKLESYL—KRLREKDRELAGVLQVLNQKIDRILINLLGDKFLKG——FQEVEVNLSAG LRVNLPQEVQVETIYEIDLGL-LPDWIFLKTFGEVIRVEPSHGGYEVAFKFIWITEADQDRLVEHIFRQQVLOQLRATRRVK
PF16823 1 - LRALAQVEDLRA-DSGEDDSELSLELQRMDAKLDLLLLLLGRLVRQQEVLLPRQPLRWSARGIRLPAGLA-PAGGGGLLRLRPSDWLPLPLELPVQVQAEADD--~-GRVWLRFAPLGPALEDAMERHLFRLHRRQVAGARR-—
PF07238 1 —QRRRFPRVPVSLPVTLRDGGGEY KGRLLDISLG IRLPDE-PIL; LGDRVELSLELDDGQELALPGRVVRIRPDEDGARLGVQFLDLDEAQRRLLVRLVFG —————————————

Figure S3. Sequence alignment of representative tetramer-forming PilZ domains (tPilZ). The top line shows the positions of c-di-GMP binding RxxxR and [D/N]hSxxG motifs and the tetramer-locking [DEN]x[KR]h[DEN]
motif. The second and third lines show the sequence and secondary structure of the tPilZ protein from X. campestris (PDB: 3PH1). Proteins are listed under their GenBank accessions, proteins from model organisms are
shown under their UniProt identifiers and linked to the respective UniProt entries. Conserved hydrophobic residues are shaded yellow, those forming the hydrophobic pocket are in bold; small (turn) residues are shaded
green. Conserved positively charged residues (R, K, H) are in blue, acidic (D, E) are in red, N, Q, S and T are in purple. Two bottom lines show the sequences of Pfam entries for PilZ and PilZ_2 domains.


https://www.rcsb.org/pdb/explore/remediatedSequence.do?structureId=3PH1
https://www.uniprot.org/uniprot/F9ZN85
https://www.uniprot.org/uniprot/Q7NSA9
https://www.uniprot.org/uniprot/B0RT03
https://www.uniprot.org/uniprot/Q9KQW3
https://www.uniprot.org/uniprot/Q9HZL5
https://www.uniprot.org/uniprot/Q5ZU81
https://www.uniprot.org/uniprot/D5BV79
https://www.uniprot.org/uniprot/Q15V41
https://www.uniprot.org/uniprot/B4SIK4
https://www.uniprot.org/uniprot/D3S9F8
https://www.uniprot.org/uniprot/Q2LSL7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&doptcmdl=GenPept&db=cdd&term=pfam16823
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&doptcmdl=GenPept&db=cdd&term=pfam07238
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Borreliaceae

BB0733 B.burgdorferi 1 --MLLSRKIRDYGAKYRGKEIKMSTEINSFLNLRNTIEMRI-GSYTAFGVIYSISMDSLKLIFQEDTVLPALAK-NKNLGSIQLKKNSDSK-SSAAFFPFLSVKLLSASAYSSLNKEYNLLTLEFLSPABEETATKVEKLLDLKLG 141
AEL69950 B.afzelii 1 --MLLSRKIRDYGAKYRGKEIKMSTEINSFLNLRNTIEMRM-GAYSVLGVIYSISMDSLKLIFQEDTVLPALAK-NKNLGSIQLKKNSDSK-NSAAFFPFLSVKLLSASAYSSONKEYNLLTLEFLSPMPEEIATKVEKLLDLKLG 141
ACH93662 B.duttonii 1 --MFFSKKIKDYEAKYRGKEIKMSTEINSFLNIKNSVEIKV-GTYV IYSISMNFIKLILQQDEILPILAQ-NGNLGNLNIKNYDNNV-VDNAFCIBLIVKLVSTSSYSIQNKEYNLLTLEFVSSMPEEILVKIGKLLDLKLG 142
ACH94956 B.recurren 1 --MFFSKKIKDYEAKYRGKEIKMSTEINSFLNIKNSVEIKV-GTYV IYSISMNFIKLILQQDEILPILAQ-NGNLGNLNIKNYDNNV-VDNAFCIMLIVKLVSTSSYSIQNKEYNLLTLEFVSSMPEEILVKIGKLLDLKLG 142
AAX18049 B.turicatae 1 --MFLSRKIKDYEAKYRGKEIKMSTEINSFLNIKNSVEIRV-GNYLAYGVIYSISMNAIKLILQEDKVLPVLAQ-NGNSGNIQFKSFDNVG--DDSFEFIMLVVKLYNTSSCSVQEKEYNLLTLDFLSPMPEEVAVKIGKLLDLKLG 141
ACL34890 B.garinii 1 MLSSKKNIIKNYEVEYKGKEIKISTEIYNFLNIFSTVKMVI-DNYSMFGIIYSISMNYIRIIFKEKNETLLILAKNKNLCSIRLAENSYPK-NNKTYFHFLPVELLDIYAYSYQDKKYNLLTLKFLSSLBPEEIATKVEKLFELKEG 144

Spirochaetaceae
TDE0214 T.denticola
TP 0086 T.pallidum 1
Alkalispirochaeta
Marispirochaeta
Oceanispirochaeta

MAFAASQQLNRYYNLYKNIDVTFSKEVVSTLNFEPKQVFVRCSGGQWPCIINSASMTKAKIICGKKSGFLARLRSGITSVNIRFAFFDTEGKDSLSFF--VAAKLVGISSYEAGNQDLVLITFEYTQOR
VEFATREQLNRYYDLYKDVDVTFSKDVMQALCFNARQVCVRSAGGQCSCVMNSVSMVGAKVILSRKSSLLESIQVEGASVSIRFSFFESDARDAVSFF--VTARVLGVEDYAQ-STELVVLSVAYTORI
MALTTSQQITRYYQEFEHTEVTFTQEIIKALFLNTKQIFIKCLGYQWPCIVYSSSMTGARVITTLOQPSLKAALSKSKNMVSLRFSFIQREKTDPLAFF--VTARITGFSPYGDPSKGLSFITLHYTQRP;
MALITSQQLSRFFERYNDVNLTFTKDVVRATRLLORNTHIKCLGDHWPCVLYSCSMKGAKVIASLSKSFYEKLKSANNLVTLHLAFAQEDKSTPLSFF--VTSKINGFTPYDKSKPNLNFLSLEYTQRP;
MAIVTNQTIKELFNRFRSIEVTFNKEVSKATGLQPRKIFLKFKESARPCILYASSMEAARVIVSLPTAILQNLKENESNVALKLSFIKDEQEIELNFF——IQGRLSSFTRYSDDQPDVYFCSINFSTQP
Olavius symbiont MAFVTSQQLDAYYDKYKEIDVTFTKDVAKSLRMIQNQTHLKYKGGQRSCVIYSSSLCGSKIIIALPNKLLAKL-QTAKLVYLRYCFQKEDSNDIISFI--VHSRVIGFTQYGDN-KEIYFAQLEYTHRP;
Salinispira pacif MSVVTSQQISKLYDRYSEQDVLENKDINRALLLNTKGIHLRCLGYQWPCILYSSSMTSAKLVVNVKTPIKKVIEQANRMVSLNYSFLOKDKANPISFF--MKAKVVSYAPYHPEKPDLNFLNLEFAHRP;

1 ILLEANIN 144
3
1
1
1
1
1
Sediminispirochaeta 1 MALMTSQQINRFYQHYREIDVTENKDVIRATGLLAKHIFLKFLGSQIPCIIFSASMTGAKVIANISSETFERLRQANNLVSLRLSFQESDKNDPLAFF--VASKISGFNPYNKEHPTLNEFVNLEFTQRP;
1
1
1
1
1
1
1

LLVEANIS 155
NLLSATIS 144
TLAEANIN 144
FLLEANVN 146
DANVN 144
ELLEAQTN 144
TLLEASVN 144
RILEANSA 144
TLLEANIN 144
RILDANIN 143
RILDANVN 144

Spirochaeta afric MSITTSTQITRYYEDFKDIDITFTKEVIRASLLNTKQIYLKLLGYQWPCIIYSSSLSGAKIIANITPQLKKAMOQSKSGISLRFSFLORDKRDPISFF--VPCKVAGFTPYQSAKGNLHEINMNEFTQRP;
Spirochaeta therm MAIVTSQQITRYYNQFKHIEVTFTKGINAAIGLVPTQTYVKCLDEQWPCIIYSSSMEGAKIILNNKLNFMDKLKEAKNLVSLRFCFQEREKHQPLSFF--VSAKVAGITPYGKQDASVSFLTLSYTHRP;
Treponema primitia MSVLTSQKIASYYERYKEIDVTFTKEIIQVTGLITQQVLLKCVGDFWPCVIYSSSFQGAKVVANIKSGLTEKLQQANNSVSLRLCFKSADSASPVTFF--VTARVAGYSPYGG-SSDTALFTLLEFTQRP;
T.azotonutricium MGVVTSQKITVYYDRFKTIDVTIFTKEIIQVTSLITNQVFLKCGSDFWPCVIYSSSFQGAKIVANIKSGILHKLEQANQMASLRFSFKNPDTGSPVTFF--INTKSLGYSAYGG-SADVALENLQFTQRP;

T.brennaborense MGVVTSQQLLRYYELYRDKEVTFSKEVIKTLNLDPRQVYIKCTDSQWPCIINSTSFQGAKIIIGSKGGAYARLSQEKGTVNLRFCFLOADK-QPISFF--IGSRVVEITPYMN-SPDLAVVSLAYIQRP; KLLEANIN 142
T.caldarium MGVLTSQQITKYYERYRTISVIFTKEIITATGLVTQQVYLKCLGEAWPCVIYSTSFEEAKVIINTKSGLYGKLQQANNLVNLRYSFKISDKTDPMFFF--VSCRVVGSAPYQG-SQDISMMTLQFTQRP; RLLDANIN 143
T.maltophilum MGVMTSQQISRFYDSYRNTEIMFSKETIKALNLDPRQVYIKCNSGOQWPCIINSSSLSIARIIIGTKGGAYARIQKVNTPVSLRFFFSDPNG-QTMSFF--VNAHVSAMDPYMN-SKELATIATLAFNSKP; RLLETKDN 142
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Figure S4. Sequence alighments of the newly identified xPilZ domains.

A. Sequence alighment of select representatives and an HMM logo of the PilZN3 domain, generated by the HMMer search at the EBI web site
https://www.ebi.ac.uk/Tools/hmmer/. The top line shows secondary structure prediction by JPred. The sequences from Borreliella burgdorferi BBO733,
Treponema denticola TDE0214, and Treponema pallidum TP_0086 are linked to their UniProt entries, sequences from other organisms are linked to the
respective entries in NCBI protein database.



https://www.uniprot.org/uniprot/O51675
https://www.ncbi.nlm.nih.gov/protein/AEL69950
https://www.ncbi.nlm.nih.gov/protein/ACH93662
https://www.ncbi.nlm.nih.gov/protein/ACH94956
https://www.ncbi.nlm.nih.gov/protein/AAX18049
https://www.ncbi.nlm.nih.gov/protein/ACL34890
http://www.uniprot.org/uniprot/Q73R77
https://www.uniprot.org/uniprot/O83124
https://www.ncbi.nlm.nih.gov/protein/SIQ88823
https://www.ncbi.nlm.nih.gov/protein/ORC34216
https://www.ncbi.nlm.nih.gov/protein/RDG33922
https://www.ncbi.nlm.nih.gov/protein/VDB01279
https://www.ncbi.nlm.nih.gov/protein/AHC14646
https://www.ncbi.nlm.nih.gov/protein/ADK81705
https://www.ncbi.nlm.nih.gov/protein/AFG36902
https://www.ncbi.nlm.nih.gov/protein/AEJ61654
https://www.ncbi.nlm.nih.gov/protein/AEF85614
https://www.ncbi.nlm.nih.gov/protein/AEF82815
https://www.ncbi.nlm.nih.gov/protein/AEE16880
https://www.ncbi.nlm.nih.gov/protein/AEJ18829
https://www.ncbi.nlm.nih.gov/protein/EPF30492
https://www.ebi.ac.uk/Tools/hmmer/
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EPF30613 T.maltophil
AEF85949 T.primitia

POR05181 Alkalispiro

ORC34506 Marispiroch

RDG32267 Oceanispiro

VDB00783 Olavius_end

ADK80632 Sediminispi

ADN01812 Spirochaeta

Aquificae

Agq 1917 Aquifex aeol

ADY73882 Desulfuroba

EDP76156 Hydrogenivi

SNZ09612 Persephonel

AHE95351 Thermocrinus

Fibrobacteres

SHG10303 Fibrobacter
ACX73865 Fibrobacter
KMQ51624 Chitinispir
Epsilonproteobacteria
SMC09305 Nitratirupt

Spirochetes

TDE1318 T.denticola
AEF80420 T.azotonutr
AEJ19732 T.caldarium
EPF30613 T.maltophil
AEF85949 T.primitia
POR05181 Alkalispiro
ORC34506 Marispiroch
RDG32267 Oceanispiro
VDB00783 Olavius_end
ADK80632 Sediminispi
ADNQ01812 Spirochaeta
Aquificae

Aq 1917 Aquifex_aeol
ADY73882 Desulfuroba
EDP76156 Hydrogenivi
SNZ09612 Persephonel
AHE95351 Thermocrinus

Epsilonproteobacteria
SMC09305 Nitratirupt

Fibrobacteres

SHG10303 Fibrobacter
ACX73865 Fibrobacter
KMQ51624 Chitinispir

P NWSENMNNDENDNDRE

23
28
21
22

28
24
63

27

111
111
111
108
110
111
110
114
112
111
110

126
121
125
124
124

128

137
133
174

HHHHHHHHHHHHHHHHHHHH- - - -HHHHHHHHHHHHHH - - - - HHHHHHHHHHHHH - - — - - - HHHH—-HHHHHHHHHHHHHHHH- - —-———-——~ HHHHHHHHHHHHHH——

MYILVVFFIVFLLFTAFSFTLPGRRFLDLIRFFTE
LPVLIIIIVVGGVVALVLARSKKGKSASWIQFYA
LYFMLIIIATISLIILLTFRSDSKEKYSWLEFFA
MYTAVIIVACILILIVLLRVI--FLISPCISFFA
VYILMALVPALAIVVFILHRPAGSSPNSRMLFYA
ELLISALALGLATVLLYLAFRTSGPGASWLRFEYV.
MIVMLVVFLVIVLLFILFLRHAGGGSFPWIHFYT
LYTVLTIFIIVSSIPLLLAVRKGLAKVDWVEFYS
IIILLILTAILEFVVIRMPKQTSATGIRGRLDEFYL
NWTILAIVCGLIFLLIALMRRAGGGSFPWIHFYV
MTVFFIIMGISLEVFLIGFQRMGGFTFPWIKFYVE

KD
KDS
KD
EN.
KA.
KES
KES
KD
MD.
KE
KE

FLESNLLLLWRTANYVGLEDKTRLEFWSVAALDECIRFIARQVENKLDADVSQKMQILLNKLYDYRTKIEL
FSFKEIELLRRLAVKANLEDPASLYWSQONQLDVCIRSLVRNMHLTGEDSD-TGSHDFLSKLYDYRKKIEM
FSFGELQLLRKLAISAELEDPTTLEFWSEKQLDRCIRELIKKAEVTGASRN-QETQDFLSKLYEYRKKIEF
FDFKELRFLWPIADAGNPETPAALFESVALLDKSIAAVLKKAEKDKTTNT-QONVQSFLKRLYDCRTKVEL
FSRKEIGVLRRIAVRDEMGDQTAVEFGDPELLGRCIRTLVQTMRAVGDRD--PAGODFLARLYEYRKKIEL
FSLAEVHLLRRVARERALSNPEALFWSVRTLETCLQGVLOQYHAAAPSRE-EERRRFLNKLFDFRAQLEF
FSFREINLLRKVAVHNHLDNPISLEWSIRQLDRSIRGVMLRFRTEGREND-ESSILEFINKLFDFRKKVEL
FSFKEIGLLRKVAVVNKHQKPSSLFWSIDVLDKSLAGIHKQIETESDPDEKDYLEYLLKKLYSYRKNVEF
FSLSEIKVLWVGIKNSNFEKPSRIFGSIEALNALIGELIVNKKFLGRDGL-ESETQALKNLFAYRKDIEL
FSFREVNLLRRIAVEARLKNPTSLEWSIGQLDRSIRGVVTKFRSQNLMDD-FNASQFLLKLENFRROVEL
FSEFSDLNLLRRLAVDNHLKDRPTALFWSEKTLNLCIRNTITIKFRNQGREHD-PHSIEYIGRLFDYRKRVEF

LLIIVLGALITVVSLPFFYSKLKEKQRIRENFFR
VEVLIIVLIVLFFLLAGIIKEYLREKNLRISFFKE
LEFVVLAATLTVITIPYLWGKLSHAREVEKAFFM
IFAVVIVLLIFALIGFFLVEF[EFVSKRYLKKLFFRN
LADVLLVLFGFVASVFVLIVEYLASRSVRREFEV

RDFDLTEEEASVLWKYVKET-VLN
LERSLTKEEAAVLWNFSKKM-GRD
RSLELTEEEIRLLWNYAKKF-PYD
ESYGLTKKELEILWKYSQKL-HKD!
KOMGLNEEEIALLYKCAST--LEE

NLVFENKAVFEKVVDRIVONGN-—-—-—-——-—-———— PEEIKLISSIRMKLRF
FLSLEFKAPFEKVVDLYIKTDP---—-=-—————— NAKEEIIQDMRTKLGF
OMVYENKPLFERVVSRIIHENI-—-—-—————-———— AGVRLIPSIRAKLRF
FLVIEYKAPFEKVIQAYIEENK----—-—-————— NYDEKMIRNMRKKLGF
NKVEYSKYVFERCVGKLVKES———————————— SDNIPIIVSVRKKLKF

VWAALIISLVEVLIALLQA
SLOILVIVLIFLAVVLIEV(Q
IFLVMASGIGFLSEVYVRT

QKEVMFGTKTFDDKVAER.FSYNEKEILDKIIRKSPFENKDAILNSSGLFEQAVSTYYDVEGINEL —————— HETDLAVVESLRLKMNEF
ETDVMFGTDAFNEKIKAFDFTPKEVETLGDLVRSSKFENMDAVLNSSGLFEAAVSEYYRIRNVESV-———-— RDETLEAIAGLRRKMDF
KSAREASAYLFEQLIHNADLTRLEQQRLRTLLLYENIKDIQIIFQSISLYERCLDAYVQNFLSVSPS——SESVEHEEQVLGNLRKKMGY

IVVLFFLAIVLFFIIGTILQKRLKEKNIQHYFDIYAKERELNEREKETLWKYAHKME—RDIMLVLEFKAPFEKVMDLYIKTDP ——————————— HPDEELVRSLRKKLDF

———————— EEEE-------EEEEEE----EEEEEEEEEE---EEEEEE----—-—----------EEEEEEEE---EEEEEEEEEEE-------EEEEEE—
EEVOKKRRIESTHEIYIGQICIIFVPRETTVYGKLMANTKNELVFALFDASAERAEKVNWONKAVRVYFWKONDAGYVEFSSEAVKAKKIEDRIEIYIKHS
DKPSIKNGISNSRQISDGONLRVLVAGSGVFKSQIVKNTNQ-YITISRPTSTKLPGSFSWONMKISAYFWREDDAGYVEFDSEVLDEVEFSKGIASLKISHS
EHPRYKKGITSSRSIGETQPIKILIDGMGVYKSQVVANSDR-FLTIQKPNIPPOKGY IVWKGKRLAIYFWRKDDAGYVEFDSYVLDEAMARGMIVLQIAHS
—-DPNAKNGIQDTHYISKGQELRILVRGVGVFFARVMONGRQLIISLPLENGELTVSGDKWVHKKIVVYFHRODDAFYVEDTTVLRNLLENGRNALVLAHS
-GAGQGQGITSSROMSEGQNLRVVIGNSAMYYAKVIRSGWD-YLLITRPANPKLTTAPSWLGOKLAIYFWREEDAGYVFDCEVLDEVYFKGIAAIQVSHS
ROPKYRLGISSTRRIEPGQPLKITVAGRGVIAARVSETARRYLAVRLSGEGGAVPAGF SWKNQRLGIYFWRRGDAGYYFETTVVAVPPNQKVPVLHLAHE
SLPKYTLGLKTTRKLTTHQRLKITLPGVGTYNSSVVENLRR-YMAISYPEGPKLPPGASWRGOKINVYFWRAEDAGYVFETKVLEDFIEQKYPILHVAHS
KKPRYNRGIESTADISINQIVKLKVDVLGIFECSVLENNRN-YILVTYPKGPPVPVGFSWRDRTLNVYFWRREDAGYFFQSRIMEGYPDREFKTLRMSHS
NRMKHYMGLKSTRSISIDQSLTIRV-SGVGVYSTTVVENKDNYLTITIPVGNPLPMGFSWRRSKLNVYLWRKDDAGYFFQTRILEKFYDKSNLLFHLKHS
NLPKYTLGLKSSRKIMQROQRIKISLPGAGTEFDSQVVENLRR-YLAVSYPEGPKLAPGFLWKGQLIQVYFWRVDDAGYTFETRVIEDYSEKQYPILHISHS
SLPKYRLGLRSTREIEAGQILRIILP3GRIFTSSVVENMRK—YIAISYPQSPH!PPDFSWMGREIHVYFWRKDDAGYFFTSRVLGDFKERKFEILHIDHA

210
209
209
206
207
210
208
212
210
209
211

SSLPWFIPLTSTRDIEVYQTGVLVV-RNRRVDAYVYDKDEEFLYIALLEPVVVK-—-———-— PGERVSFFFLRENDARYSFDATVEKVENEGGRTVIVVRHT
DEFVPYFVPLTSTKDIELFQPGKLYV-DNLSEFDVALFDKDERFMYWAIIEEIPSNL---SLIEKKVKISFIRKNDGIYALEGTVKETYIDNGKLVLKIPHT
DTIPWFIPITSTRDIDLYQTGKLVI-DGVYVDAAVWDKTETELHVVVLEALPRPV----RIGESVKFHFIRENEGRYSFETIIKDKYTEGDRLVLVLEHT
DKIPPFMPLISTKDIDLFQTGTLIF-ENRVFPVSLYDKDEEYMYWYLIDOMPPFP---FKKGDTVRIRFTREDDAVYIVEGKIEDLFSEDGKYIIKIPHT
EHLPWFLPLATTRDIEVYQTGFVSY-KGKSYGAAVWEKTEEDLKIAILDRAPEFP----QPGEKVRFSFLREDDGRYYFEAEVLNTYLEGGKVILVVPHT

218
216
219
219
218

EVVSPYIPLITTKDIEVFQNGRMILSNNKALDVALYDKDEKYMYWLVIDGDLPLSTH---PGEYVKIVFIRQDDGIYSFEQPIAEILKESGKTIIKIPHT 221

TASNPLAEIYSTRQFNVGDRIDLILENGTLIKRSDIVWRNEKEWAISYDGSDGPAS--SEFVNRTIRIRWTRPDDAMYSTAISVKNADET---NNLVLPHS
TGSNPLSMVCSTRQFNIGDKVDLEFENGQSFKRIPIYERTEKVWSVKIDGSPSLAK--ALVGSHALVRWTRMNDAVYSTIHLNVLAATP----DKVVFETHS
NFLAYEHPMVSTRNLSIGQKVSIVSENKSVLIQNATVVKNRELSFVLQYNAEKEEVVNLLPGTQVNIVFTRYNDGAYGVNVKVKKLES————GTIELMHT

230
226
270


https://www.uniprot.org/uniprot/Q73N38
https://www.ncbi.nlm.nih.gov/protein/AEF80420
https://www.ncbi.nlm.nih.gov/protein/AEJ19732
https://www.ncbi.nlm.nih.gov/protein/EPF30613
https://www.ncbi.nlm.nih.gov/protein/AEF85949
https://www.ncbi.nlm.nih.gov/protein/POR05181
https://www.ncbi.nlm.nih.gov/protein/ORC34506
https://www.ncbi.nlm.nih.gov/protein/RDG32267
https://www.ncbi.nlm.nih.gov/protein/VDB00783
https://www.ncbi.nlm.nih.gov/protein/ADK80632
https://www.ncbi.nlm.nih.gov/protein/ADN01812
https://www.uniprot.org/uniprot/O67748
https://www.ncbi.nlm.nih.gov/protein/ADY73882
https://www.ncbi.nlm.nih.gov/protein/EDP76156
https://www.ncbi.nlm.nih.gov/protein/SNZ09612
https://www.ncbi.nlm.nih.gov/protein/AHE95351
https://www.ncbi.nlm.nih.gov/protein/SHG10303
https://www.ncbi.nlm.nih.gov/protein/ACX73865
https://www.ncbi.nlm.nih.gov/protein/KMQ51624
https://www.ncbi.nlm.nih.gov/protein/SMC09305
https://www.uniprot.org/uniprot/Q73N38
file:///C:/Users/Misha/Documents/Articles/AtypicalPilZ/PilZ-like/TDE1318/AEF80420
https://www.ncbi.nlm.nih.gov/protein/AEJ19732
https://www.ncbi.nlm.nih.gov/protein/EPF30613
https://www.ncbi.nlm.nih.gov/protein/AEF85949
https://www.ncbi.nlm.nih.gov/protein/POR05181
https://www.ncbi.nlm.nih.gov/protein/ORC34506
https://www.ncbi.nlm.nih.gov/protein/RDG32267
https://www.ncbi.nlm.nih.gov/protein/VDB00783
https://www.ncbi.nlm.nih.gov/protein/ADK80632
https://www.ncbi.nlm.nih.gov/protein/ADN01812
https://www.uniprot.org/uniprot/O67748
https://www.ncbi.nlm.nih.gov/protein/ADY73882
https://www.ncbi.nlm.nih.gov/protein/EDP76156
https://www.ncbi.nlm.nih.gov/protein/SNZ09612
https://www.ncbi.nlm.nih.gov/protein/AHE95351
https://www.ncbi.nlm.nih.gov/protein/SMC09305
https://www.ncbi.nlm.nih.gov/protein/SHG10303
https://www.ncbi.nlm.nih.gov/protein/ACX73865
https://www.ncbi.nlm.nih.gov/protein/KMQ51624

e EENeE

gﬁ&kfﬁ?%kxﬁ,ﬁgzm E_JffF D

Figure S4. Sequence alignments of the newly identified xPilZ domains.

B. Sequence alighment of select representatives and an HMM logo of the PilZN4 domain, generated by the HMMer search at the EBI web site
https://www.ebi.ac.uk/Tools/hmmer/. The top line shows secondary structure prediction by JPred. The sequences from Treponema denticola

and Aquifex aeolicus are linked to their UniProt entries, sequences from other organisms are linked to the respective entries in NCBI protein database.
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Figure S4. Sequence alignments of the newly identified xPilZ domains.
C. Sequence alignment of select representatives and an HMM logo of the PilZN5 domain, generated by the HMMer search at the EBI web site
https://www.ebi.ac.uk/Tools/hmmer/. The top line shows secondary structure prediction by JPred. The sequences from Geodermatophilus obscurus,
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Acidothermus cellulolyticus, Actinoplanes sp. SE50/110, and Kineococcus radiotolerans are linked to their UniProt entries, sequences from other organisms
are linked to the respective entries in NCBI protein database.


https://www.uniprot.org/uniprot/D2SGK5
https://www.uniprot.org/uniprot/D2SGK6
https://www.uniprot.org/uniprot/A0LT76
https://www.uniprot.org/uniprot/A0LWJ7
https://www.uniprot.org/uniprot/G8SK96
https://www.uniprot.org/uniprot/G8SM19
https://www.uniprot.org/uniprot/A6W8M2
https://www.ncbi.nlm.nih.gov/protein/CCG01087
https://www.ncbi.nlm.nih.gov/protein/QBI19714
https://www.ncbi.nlm.nih.gov/protein/SCX58702
https://www.ncbi.nlm.nih.gov/protein/SCX39608
https://www.ncbi.nlm.nih.gov/protein/RNM16143
https://www.ncbi.nlm.nih.gov/protein/RNM12486
https://www.ncbi.nlm.nih.gov/protein/CCH90514
https://www.ncbi.nlm.nih.gov/protein/RKS75603
https://www.ebi.ac.uk/Tools/hmmer/

HHHHHHHHHAAA - - -EEEE-------------~- EEEEE----EEEEE------------ EEEEEEEEE--------- EEEE----- EEEEE

Deltaproteobacteria

Deba 0512 Desulfarcula 25 QEELLAEALRPERQVCLAVAADLVSDRIDVRPSMVHDIVKGGLLILAQTNPPLAKRAEGQTVEITFLIPHPDR-GAEYLRI
Deba 3043 Desulfarcula 64 QEEMRRRAIRLRQLVDIIVDLDWSTDTLDVRASVIQEIDAKGRLILSQTSSPLLRSQTEKTVELTFLSQYPSQMGSRWLR!
ACN16127 Desulfobacter 11 LGVEIVEDLNSLT--PLVRSSIIYDVDEKQIFITAQPRILIHPNFVAKTIHLTTLVTVQG----SKKRI
KMY66548 Desulfocarbo 14 RPVELILDTSLDQNQIDVRPALLHDLDPKGRLVLSQTABPL.GRRWIGROVEI TFLARY LDVPGGRWLR
R0Q92034 Desulfosoma 1 VDIVLRVDFYREVMDVRRAMI YDVE-GTTLVVSRPTBDVKPDHVERRCTVTEVVRENE - —--FKNRY|

EPR43376 Desulfovibrio 8 R-LLLIVEEDLLRETIDAREVAVVDMD-AQRLELSQPERPLPSS RVMEIAAPPLPDEG--GAARPLEGYHARLLEVN
SNS20366 Desulfovibrio 8 AEAFIVLHKDALRERIDVRQTRVLDWE-GDVLFLAQTDRPPVPREASGAQAEVVALAPACGE---ELRP!
OPY83705 Smithella 1 TRLNIVFENEIMQOSNAHFMKALVYDIQ-EGKIIISQTSPALNRNFLNRRIMVSFLAQMDG—---RNLRF
ABC78461 Syntrophus 1 LHLDIVLEEDLERDRVVARKAVVYDVV-ERLITISQTS SFVRRHLIDRINASYVTTVGEGENKRPVR

Omnitrophica

0GX18185 Omnitrophica 1 - MRLNIIPGEEIHLLLDGNK————IRQSKIYQLLSNDFFSIEQTQIIIEKDYLNKILLLTYLTPKE ————— RPGRFIFEARIQAVTSD

YKTKILRVIDGWKVDERLTDNIIVAPKPHRLERTT
YHTKLLGIVENYQLGPELADTVLVEFDGPKKLVLST
IKCRPIQFDNNYRLSNDNRVGAIIFKYDPPITETT
YRAPIADLVADYRLDSTRVESVIIAPKPQKLQQTT
PAKIVELKDNYTIRKGASVQAMILKVLGSVEPFN
AESLVVSPPSGVRETS
YVARVLDVRPDYP—SAGLAVEAIAVETPCDLFETS
FPATLIDLINDYKIVSEKNVEALVLOQRDKAAEPLE
FPATILEYREDYPLASSNLVPAFVLQQODGKPVEIN

ARIILHKLNDPAPCD

gﬁﬁée 5 :i?ig : £-£ﬁs*2

Figure S4. Sequence alighments of the newly identified xPilZ domains.

D. Sequence alignment of select representatives and an HMM logo of the PilZN6 domain, generated by the HMMer search at the EBI web site
https://www.ebi.ac.uk/Tools/hmmer/. The top line shows secondary structure prediction by JPred. The two sequences from Desulfarculus baarsii are

linked to their UniProt entries, sequences from other organisms are linked to the respective entries in NCBI protein database.
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Figure S4. Sequence alignments of the newly identified xPilZ domains.
E. Sequence alignment of select representatives and an HMM logo of the PilZN7 domain, generated by the HMMer search at the EBI web site
https://www.ebi.ac.uk/Tools/hmmer/. The top line shows secondary structure prediction by JPred. The sequences from Hungateiclostridium

(formerly Clostridium) thermocellum are linked to UniProt, sequences from other organisms are linked to the respective entries in NCBI protein database.
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