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Table S1 | PHPT homologues used for bioinformatic analyses

Sequence ID Protein name  Number of Species
amino acids
P14186 EXOY_RHISN 226 Rhizobium sp. strain NGR234
Q48460 YC14 KLEPN 465 Klebsiella pneumoniae
Q57491 Y872 HAEIN 471 Haemophilus influenzae
032274 TuaA protein 179 Bacillus subtilis
034301 193 Rhizobium etli
050321 442 Erysipelothrix rhusiopathiae
085804 CpsA 476 Erwinia stewartii
087932 CpsE 227 Streptococcus thermophilus
P71062 YvvC 202 Bacillus subtilis
P74057 478 Synechocystis sp. strain PCC 6803
P74347 243 Synechocystis sp. strain PCC 6803
Q44576 532 Acetobacter xylinus
Q45382 WIbG 197 Bordetella pertussis
Q54521 455 Streptococcus pneumoniae
Q55999 470 Sphingomonas sp.
Q56624 186 Vibrio cholerae
Q8D3V1 466 Vibrio vulnificus
Q8DIC8 213 Vibrio vulnificus
Q8DAAG6 471 Vibrio vulnificus
Q8DL71 Tlr0626 protein 472 Synechococcus elongatus
Q8DNLS 243 Streptococcus pneumoniae strain ATCC BAA-255/R6
Q8EMFS5 215 Oceanobacillus iheyensis
Q8F399 473 Leptospira interrogans
Q8F913 462 Leptospira interrogans
Q8FG28 464 Escherichia coli O6
Q8GI1D7 512 Brucella suis
Q8G7L5 573 Bifidobacterium longum
Q8G7LS CpsD 514 Bifidobacterium longum
Q8GICY EpsB 457 Methylobacillus sp. 12S
Q8GPA7 Eps7E 462 Streptococcus thermophilus
Q8KHS81 341 Aeromonas hydrophila
Q8KN16 492 Streptomyces sp. 139
Q8KW98 RB144 202 Ruegeria sp. PR1b
Q8NTF8 204 Corynebacterium glutamicum
Q8NYPI Cap8M 185 Staphylococcus aureus strain MW2
Q8NYR9 MWO0103 protein 230 Staphylococcus aureus strain MW2
Q8P7Z9 GumD 484 Xanthomonas campestris pv. campestris
Q8PRCO 469 Xanthomonas axonopodis pv. citri
Q8R6F8 230 Fusobacterium nucleatum subsp. nucleatum
Q8RBY9 201 Thermoanaerobacter tengcongensis
Q8RSVS5 469 Leptothrix cholodnii
Q8UAP6 294 Agrobacterium tumefaciens strain C58 / ATCC 33970
Q8UGO8 522 Agrobacterium tumefaciens strain C58 / ATCC 33970
Q8UJ36 252 Agrobacterium tumefaciens strain C58 / ATCC 33970
Q8VPO1 199 Bordetella avium
Q8VST2 CpsE 449 Streptococcus agalactiae
Q8VTZ3 421 Leptospira interrogans
Q8VVI1 477 Erwinia pyrifoliae
Q8XMS4 220 Clostridium perfringens
Q8XN45 222 Clostridium perfringens
Q8XN65 205 Clostridium perfringens
Q8XR53 203 Ralstonia solanacearum
Q8YMV3 Alrd823 235 Anabaena sp. strain PCC 7120
Q8YNSI All4719 243 Anabaena sp. strain PCC 7120
Q8YNY9 445 Anabaena sp. strain PCC 7120
Q8YPN3 All4160 351 Anabaena sp. strain PCC 7120
Q8YT72 All2854 469 Anabaena sp. strain PCC 7120
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Caulobacter crescentus

Caulobacter crescentus
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Leptospira interrogans

Streptococcus pneumoniae
Pasteurella multocida

Actinobacillus pleuropneumoniae
Lactobacillus delbrueckii subsp. bulgaricus
Plesiomonas shigelloides
Lactobacillus rhamnosus
Halobacterium sp. strain NRC-1
Pseudomonas aeruginosa
Actinobacillus actinomycetemcomitans
Actinobacillus actinomycetemcomitans
Bacillus halodurans

Vibrio cholerae

Vibrio cholerae

Streptomyces coelicolor

Xylella fastidiosa

Campylobacter jejuni

Streptococcus pneumoniae
Streptococcus suis
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Bacteroides fragilis

Streptomyces coelicolor
Acinetobacter Iwolffii

Neisseria meningitidis serogroup B
Deinococcus radiodurans

Leptospira interrogans

Thermotoga maritima

Lactococcus lactis subsp. cremoris
Lactococcus lactis subsp. cremoris)
Escherichia coli

Streptococcus suis

Aeromonas hydrophila

Actinobacillus actinomycetemcomitans
Anabaena sp. strain CA / ATCC 33047

The dataset is available from the authors as a FASTA file upon request.



Table S2 | List of strains and plasmids

Strain or Relevant Properties Source or Reference
Plasmid
Strains
CCl118 A(ara leu) Alac phoA galE galK thi rpsL rpsB argE recA Laboratory stock
DHS5a F ¢80lacZAM1S5 endA recA hsdR(rx my ) nupG thi ginV  Laboratory stock
deoR gyrA relAl A(lacZYA-argF)U169
w3110 rph-1 IN(rrnD-rrnE)1, wbbL::1S5 Laboratory stock
XBF1 W3110, AwcaJ::aph, KnR !
Plasmids
pAF06 pBAD expressing pragWcal-Cys-Less-V39C This study
pAF07 pBAD expressing pragWcal-Cys-Less-G74C This study
pAF08 pBAD expressing pragWcal-Cys-Less-D106C This study
pAF09 pBAD expressing pragWcal-Cys-Less-A134C This study
pAF10 pBAD expressing pragWcal-Cys-Less-P180C This study
pAF11 pBAD expressing ppagWeal-Cys-Less-L223C This study
pAF12 pBAD expressing pragWcal-Cys-Less-N254C This study
pAF13 pBAD expressing pragWcal-Cys-Less-L272C This study
pAF14 pBAD expressing pragWcal-Cys-Less-K301 This study
pAF15 pBAD expressing pragWcal-Cys-Less-G316C This study
pAF16 pBAD expressing rragWcal-Cys-Less-S360C This study
pAF31 pBAD expressing pragWecal-Cys-Less-S120C This study
pAF32 pBAD expressing pragWcal-Cys-Less-N143C This study
pAF33 pBAD expressing pragWcal-Cys-Less-M160C This study
pAHI18 pBAD vector expressing ppacPhoA :
pBAD24 Cloning vector, inducible by arabinose, Amp® ’
pBADNTF pBAD24 vector for N-terminal FLAG fusions, AmpR 4
pLA1 pBAD expressing His5-Wcal (full length) This study
pLA3 pBAD expressing rragWecal (full length) This study
pLAS pBAD expressing rragWcalgass yaes (C-terminal) This study
pLA6 pBAD expressing rpragWcal-A134-PhoA This study
pLA7 pBAD expressing pragWecal-D106-PhoA This study
pLAS pBAD expressing rragWcal-V39-PhoA This study
pLA9 pBAD expressing pragWcal-G74-PhoA This study
pLAll pBAD expressing ppagWcal-S360-PhoA This study
pLA18 pBAD expressing ppagWcal-L223-PhoA This study
pLA19 pBAD expressing pragWecal-N254-PhoA This study
pLA20 pBAD expressing ppagWcal-L272-PhoA This study
pLA23 pBAD expressing ppagWcal-G316-LacZ This study
pLA24 pBAD expressing pragWecal-G316-PhoA This study
pLA30 pBAD expressing ppagWcal-P180-LacZ This study
pLA31 pBAD expressing ppagWcal-Al134-LacZ This study
pLA32 pBAD expressing ppagWcal-D106-LacZ This study
pLA33 pBAD expressing pragWceal-V39-LacZ This study
pSEF62 pBAD expressing pragWcal-G74-LacZ This study
pSEF63 pBAD expressing ppagWeal-L272-LacZ This study
pSEF64 pBAD expressing ppagWcal-N254-LacZ This study
pSEF65 pBAD expressing ppagWeal-L223-LacZ This study
pSEF66 pBAD expressing pragWcal-S120-LacZ This study
pSEF67 pBAD expressing ppagWcal-N143-LacZ This study
pSEF68 pBAD expressing rragWcalJ-M160-LacZ This study
pSEF69 pBAD expressing ppagWcalJ-K301-LacZ This study
pSEF71 pBAD expressing ppagWcal-S120-PhoA This study
pSEF72 pBAD expressing pragWecal-N143-PhoA This study
pSEF73 pBAD expressing ppagWcal-M160-PhoA This study
pSEF74 pBAD expressing pragWecal-K301-PhoA This study
pSEF75 pBAD expressing ppagWcal-P180-PhoA This study
pSEF102 pBAD expressing pragWcal-Cys-Less This study
pSEF103 pBAD expressing pragWcal-Cys-Less-P291C This study
pSEF104 pBAD expressing pragWcal-Cys-Less-A282C This study
pSEF105 pBAD expressing pragWcal-Cys-Less-A276C This study
pSEF106 pBAD expressing pragWcaJ-Cys-Less-A294C This study




pSEF107
pSEF108
pSEF109
pSEF110
pWQ499
pXFl1

pBAD expressing pragWeal-Cys-Less-G316C
pBAD expressing ppagWeal-Cys-Less-L272C
pBAD expressing ppagWcal-Cys-Less-S303C
pBAD expressing pragWeal-Cys-Less-K301C
pKV102 containing rcsAK30; TcR

pBAD24 encoding W3110 Wcal

This study
This study
This study
This study
5C. Whitfield




Table S3 | List of primers used for cloning

Primer Name Primer Sequence (5°-3°)

Number
pBAD forward 252 GATTAGCGGATCCTACCTGA
pBAD reverse 258 GACCGCTTCTGCGTTCTGAT
R-His-Wcal 4779 ATGGTGGTGATGGTGCATCCTTGTTCCTCCATGGTG
F- His-Wcal 4780 CACCATCATCACCATACAAATCTAAAAAAGCGC
F-Smal-Wcal 4911 CTAGCCCGGGACAAATCTAAAAAAGCGC
R-HindIII-Wcal 4912 CTAGAAGCTTTCAATATGCCGCTTTGTTA
F-PstlI-WcaJCT 5094 CCTGCTGCAGGAGATGAACGGCGTACCG
R-Pstl-WcaJCT 5095 TCGACTGCAGCTTGTCATCGTCATCCTTG
F-Xbal-PhoA 5257 CCCGTCTAGAGTCGACCTGCAGCCTGTTCTG
R-Xbal-V39 5364 CGCATCTAGAGACTTCGCAAACCAGCCATAG
R-Xbal-G74 5363 CGCATCTAGAACCGCGCCATGAGCGATAAAA
R-Xbal-D106 5259 CGCATCTAGAGTCGAAATCATTGTTGAACGC
R-Xbal-S120 5841 CGCATCTAGAGCTGGTCAGCGCATACCACGCCA
R-Xbal-A134 5258 CGCATCTAGACGCCCCAATGCGAATACACGA
R-Xbal-N143 5840 CGCATCTAGAGTTATAGCCATGATTACGCAGCC
R-Xbal-M160 5839 CGCATCTAGACATCAGCATTTGCCCGGCGGCTA
R-Xbal-P180 5093 CGCATCTAGACGGGTCGTGGTAAACGCCCAC
R-Xbal-1.223 5394 CGCATCTAGAGACCAGTTTTTTCACTCGCGCGC
R-Xbal-N254 5393 CGCATCTAGAGCCGTTCATCTCTTCGAGGCGTGA
R-Xbal-1L.272 5392 CGCATCTAGACAGGCGGTTAACCCCGGAAAG
R-Xbal-K301 5867 CGCATCTAGATTTCACCACCAGCGCAATACAGC
R-Xbal-G316 5580 CGCATCTAGAGCCGTAGCGAGTCTGGCGG

Table S4 | List of primer pairs and plasmid templates used for plasmid constructions.

Plasmid Primer Pair Template Plasmid
pLA1 4779/4780 pXF1
pLA3 4911/4912 pLA1
pLAS 5094/5095 pLA3
pLA8 (V39-PhoA) 5257/5364 pLAG6
pLA9 (G74-PhoA) 5257/5363 pLAG6
pLA7 (D106-PhoA) 5257/5259 pLA7
pSEF71 (S120-PhoA) 4911/5841 pLA3
pLAG6 (A134-PhoA) 4911/5258 pLA3
pSEF72 (N143-PhoA) 4911/5840 pLA3
pSEF73 (M160-PhoA) 4911/5839 pLA3
pSEF75 (P180-PhoA) 4911/5093 pLA3
pLA18 (L223-PhoA) 5257/5394 pLA1l
pLA19 (N254-PhoA) 5257/5393 pLA1l
pLA20 (L272-PhoA) 5257/5392 pLA1l
pSEF74 (K301-PhoA) 4911/5867 pLA3
pLA24 (G316-PhoA) 5257/5580 pLA1l
pLA33 (V39-LacZ) 5640/5364 pLA23
pSEF62 (G74-LacZ) 5640/5363 pLA23
pLA32 (D106-LacZ) 5640/5259 pLA23
pSEF66 (S120-LacZ) 5640/5841 pLA23
pLA31 (A134-LacZ) 5640/5258 pLA23
pSEF67 (N143-LacZ) 5640/5840 pLA23
pSEF68 (M160-LacZ) 5640/5839 pLA23
pLA30 (P180-LacZ) 5640/5093 pLA23
pSEF65 (L223-LacZ) 5640/5394 pLA23
pSEF64 (N254-LacZ) 5640/5393 pLA23
pSEF63 (L272-LacZ) 5640/5392 pLA23
pSEF69 (K301-LacZ) 5640/5867 pLA23

pLA23 (G316-LacZ) 5640/5580 pLA23
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Figure S1. Membrane expression of g agWcal-PhoA fusion proteins in CC118 cells. 30 pug of total membrane
preparations from CC118 expressing pragWcal-PhoA fusions were separated by 12% SDS-PAGE and immunoblotting
was performed using anti-Flag antibodies. p xWzx-K367-PhoA * was used as positive control for PhoA western blots
and experiments.
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Figure S2. Membrane expression of g agWcal-LacZ fusion proteins in DH5a cells. Total membrane preparations were
separated by 18% SDS-PAGE and immunoblotting was performed using anti-FLAG antibodies. (a) 10 pg of total
membranes from DH5a expressing rragWcal were used as a positive control. 30 pg of total membranes from DH5a
expressing ppagWeal-LacZ fusions were separated by SDS-PAGE. (b) 10 pg of total membranes from DH5a expressing
rLagWceal were used as a positive control. 50 pg of total membranes from DHS5a expressing rpragWcal-LacZ fusions
were separated by SDS-PAGE.



pBADNTF pLA3 (WcaJ) pSEF103 (WcaJ-P291C)

Figure S3. Complementation of colanic acid production by Wcalpygic. The E. coli strain AwcaJ(pWQ499) (XBF1;
Table S2) was transformed with plasmids expressing Wcal, WcaJ-P291C, and the vector control pPBADNTF and plates
were incubated in LB containing 0.2% arabinose (w/v).
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EIVLSTLALILFSP7-1LIG-VSFLILL-INGLPIFFFQERLGLLK----KPFLIFKFRT
DIVLATLILLLISP+-VLCC-IALAVKL-SSPGPVIFRQTRYCMDG~-~~~KPIKVWKFRS
DIVFSLLGIILLSP+~IMLA-TAIAIKL-DSKGPVIFKQKRHGFNN=-=-~--EVINVWKFRS
DIVLSGIAIILSSP7- IMLWV-AYKVKR-EDGGPVFYSQTRIGIYG-
DVLVSLFAVIVAAI+-VTVPI-AIAIKL-TDGGP I FYTQTRVGRRD-
DIAFSLLILILISP+-VLLA-IAIGVKM-SSPGPVIFKQRRYGLDG-
DICGALVGLVLCGIL-VGIFL-YP-LIR-KDGGPAIFAQYRVGENG-
DILAAVIAIPLFSP+~LMLV-TAVLIKL-ESPGPVMFLQNRVGKGN=- -
DRLGALILLVVLAP7-LMLLV-ALLVAT-DSRGGVFYRQRRVGKDG-~-~--REFTILKFRT
DLFFALLLIVILGPL-1LLG-LMIWLRI-REGGPLFYVAERMKGVD----QP FMLWKLRT
DIGVSGVGLI I SAP+-1-QLAITAAVVLR-AHGRP I LFRQPRPGKDG----VVFEMIKFRT
DVVSSIYGLVVLSP+-ILLI-TALLIKM-ESPGPAIFKQKRPTINN----ELFNIYKFRS
DLILSIVLLFLTLP+=~IMVI-FAIAIVI-DSPGNPIYSQVRVGKMG=-~~~-KLIKIYKLRS
DK I LAVIALMGLWP v~ LMLA- IAVGVKM-SSPGPVFFRQRRHGLGG-
ERVLACAIVLASAP{-LMLA-LAAGVKL-SGPGPVLFRQIRQGWDG~-

~-QVFQMWKFRT
~RRFKIWKFRT
~RIFTMYKFRT

-EEILVYKFRS
~RIFKFYKFRS
~RDFRIYKFRS

DIVASFIGIIVFFP+-LMLL-1GI I IKL-TSKGPVIFKQKRLTKGM----KEFTILKFRS
DIFVSLFLLIILSPr=F-LVIISLIVFV-AMGPPVIYKQTRAGFKG----KPFTIYKFRT
DIVSSATLLVLGAP:-LMAL-TAVMIRL-DSRGP I LYQQERVGLGG----KTFQCIKFRS
DMTSAALALLIFSPr-1FLLI-AVLVKL-SDPGPIFYGHRRVGHNG-~-~--RYFHCLKFRT
DITFSLMGIALFWP-VMLA-AGIAVKA-TSKGPVLFKQKRHGFNN-~-~--ETINVWKFRS
DIAGASIALVALAPf-VLAT-VALLVKL-DSKGPVLFSQVRWCMNG----RKIRVYKFRS
DIAVSGIGLLLCLPr=LFLI-LAIAIKL-ESPGPVFFRQERVGRHG-~-~-RVFRIHKFRS
DIMGAIIGLLICGIL-VAIFL-VP-QIR-KDGGPAIFSQNRVGRNG-~-~--RIFRFYKFRS
DFLAAVTLIPFISP+-VCVL-VSVLIRL-ESKGPAFFLQKRMGFRG-=~~~KPFTVIKFRT
DLVGALGIITLLLP-ALVVL-1FMVS--RDGGAP IYGHERVGRDG----RKFKCLKFRS
DLICSLIALILFSP--1FLIL-YIWVKV-DSKGPAFFGHKRIGKDR----KYIDVYKFRS
DILGSGFGLIILSP+-LFLIV-AIAIKIEDSKGRVLFSQKRVGQYG-~-~-KEFNMYKFRS
DICVALGLLIVLFPF-V-IVIVAVLVKT-KLGSP || FTQERVGKDN----KIFKMVKFRT
DIVVASLVLVLLAP- -V~ LVVVYWRVRT-RLGSPALFTQLRPGRAG-~~~RPFRMIKFRT
DIIGAIVGLIITAIr=ITIPI-AILTI|I-NDPGPIFYSQIRCGLNG-~-~--RHFRIWKFRS
DILGSLVGLGILAIL-AFLPI-AIAIKL-DSPGP|FFSQERYGLRG----RPFHIWKFRS
DLCFSSILITLLLP=-VYVAI-ALIIKF-DSPGPVFFKQERVGLHR----QTFKIWKFRT
DI FGALVGLVITGI+-LCIPI-VIAIQI-DDPGP|FFGQIRCGWMG----KRFKIWKFRS
DIMLTCCLCVFLSPL-LMLL-AALAIKL-DSPGPVFYSQIRTGLEG----KPFKVYKFRS
DIVGAVIGLSVTAVr-LFVPI-AIAIKL-DSPGPVLFSQTRCGWMG-~-~--RRFRIWKFRS
DIVCSITILITASPF--LMIYL-WYKVT--RDGGPAIYGHQRVGRHG-~-~--KLFPCYKFRS
DIFFSLVALALLWP+=-VMLA-AAVAVKV-TSPGP 1|1 FKQHRHGFNN----ETIEVYKFRS
DLAVASTALVLALPr-LMAVV-ALLIKV-ITGGPVLFVHRRIGFNG----TPFDCYKFRT
DIFSSLYAII I FLPL-LLFL-VSIAIKI-ESKGPIVFKQDRPGVKN~-~-~-~-KLFKIYKFRS
DIFSSLSALLVLAP+-FLLF-VAMLIKL-DSPGPVLFKQTRWGKNC=-~~--KAIKVYKFRS
DIVSSSVLLILGAP-VMLM-TALMIKL-DSPGP | LYRQERVGLGG----KGFMCIKFRS
DIVFSLLGILLLSP~-VFLL-LYIAICL-ESKGGGFYKQLRVGRYG----GDFYVYKFRS
DI IASASGLIVLSPr-V-FLILAYLIRK-NLGSPVFFIQERPGKDG----KPFKMVKFRS
DVFGSLVGIIFLSP--VMLIV-IVAIKL-DSKGP11FSQKRVGQNG-=-=-~-RIFNMYKFRS
DIVFSIIGIVVLSP«=LMLAI-CIYIKI-SSKCNAIFSHIRLCYRG-~~~KHIKVYKFRT
DIVVAI IATVVFSPr-FLI1-LPI|IKC-TDGGSPFYFQERVTNGG----KKFKLIKFRS
DIVFSVIGIIVFSPL-VMLA-TAIAIKL-DSKGPVLFKQKRHGFNN----EIIEVYKFRS
DLVATAMLLLVTSP+-V-LLLCMLAVRT-SSPGPVIFSQTRVGRDG----ALFRCHKLRT
DLAVAGAATLVFAP:-LMLL- IAGALLL-EGGGSILFTQTRMGVGG--~--RPFRMYKFRK
DIVGSLVGLIALSPL-LFIMV-ALLVKF-SDCGSIFYGHRRIGRGG-~-~--RIFPCLKFRT
DLVVAGLGLLVAGPr-VMLL-VALAVKL-DSPGPVFFRQRRHGFNN-~-~--EAILVWKFRS
DIVVAGGALLFFAP--LLLL-VAILIKL-ESPGPVLFRQSRGGLNG-~-~--QAFTIFKFRS
DVLAAAIGLAVLVL=-PLAV-LWALVRL-TSPGPGLYWSQRVGRAS----ALFPMPKFRT
DVVAAALLTALFAP--LLLL-AALAIKL-ESPGPALFRQTRGGLGG--~--APFQILKLRT
DFIAALFFFPIFSPL-FMFL-IAILIRL-ESKGKVVFSQKRMGYRG-~-~-RIFTLYKFRT
DILLSLIGIIILCP--VFMI-IAIAIKL-DSEGPVIFKQKRFGIHK-~-~--EYFYILKFRS
DIVISATALILLSP--L-FLIIAYQVKK-NLGTP | LFHQMRPGRYG--~--KAFNMIKFRT
DILGSLLLITLLLP--LLILI-YWLVR--KDGGYAIYGHPRIGQNG----KKFNCLKFRS
DFLASSIALILLSP--LFLWL-AIKIHG-EDGGPVFYSQIRIGKDE----KPFRIYKFRS
DVIVAGLGLLFLFPL=-VFII1-VSMLIVA-DSKGSVFFRQYRVGRFG~-~~-KDFRIHKFRT
DIVVGLLMLVVASP -~ FMLV-TAILVKL-SSPGPIIYKQTRITLNQ-~-~--KEFKILKFRT
DIAFSAAGLLLLSPr-VILA-ITGAIKL-DDGGTVLYNQERTAAFG----ETFEVYKFRS
DLVLASIALVLFAPL--LMAL-VALAIRL-DSKGPVLFRQKRYGYNN----RLIWVFKFRS
DIAMSIFLLVLCLP--LFGYL-MIKIR--RDGGRAIYVQNRIGRHG-~-~--KPFPCYKFRT
DYLITVLSFPFWGL--VCLVV-AIAIKLEEKKGQLFFKQKRLGIDG-~~~KEFTCYKFRT
DLVLSFIGMIVLSP=~ 1 FLL-LIIGIKL-DSKGPVLFKQKRVGINK==~~~THFHILKFRT
DLVLSSLILLLISPr=-VLLA-VAIGVKL-SSPGP11FKQNRYGLDG-~-~--KP IQVWKFRS
DFIFALAGLLLLWPL-VLLIVCILG--Y-FDTGSPIFCQQRVGKNQ----RPFTLIKFRT
DVTVSGLLLLLLSP~-LLLA-CAAVLRV-VGGPGVLFRQERVGEGG-~-~--RPFTLLKFRT
DKVLAMIALLLLWPF-LLI1-1GIGIKF-SSPGPVLFRQRRHGLNG----REFYVLKFRS
DFILALVLLVLFSPL-V-ILITALLLKI-TQG-SVIFTQNRPGLDE--~--KIFKIYKFKT
DIVGALVGLILCGLr-VSIVL-VP-LIR-KDGGSAIFAQTRIGKNG-~-~--RQFTFYKFRS
DKLLALILLLLLSPE-VIII-LAIWIKL-DSKGPIFYRQERVTRYG----RIFRIFKFRT
AlTISGIAIVVLSP--1LLL-TALAIKL-DSKGPVLFKQKRVGKNK----SYFMIYKFRS
DFVVVFFVLI I IWP--VLLLVTLWLHFA-NKGAGAFFLQERPGRHG--~--KIFKVIKFKT
DRLGAAVLLTLFAPL-LMLFV-ALLVLV-DSRGGAFYRQRRVGKDG=-~~-REFTILKFRT
DIVIASTALVLLSPr-L-YFYVAHKVKK-NLGSPVLFRQVRPGLHG-~-~--KPFEMIKFRT
DIVASASGLIFLSPF-V-FLILIYLIRK-NLGSPVFFFQERPGKDG--~-~-KPFKMVKFRS
DLMLSVVGLFLIFP--1LIAI-AFLIRW-DSKGPAIYKAERLGRNG----KTFPCYKFRS
DFLMAVVLLPFLIPr-1LLI-TSVLIRM-ESRGPAFFLQKRMGFRG-~-~--RPFTVIKFRT
DIAVSLIALAVFSPL - IMLV-VGI11YL-EDGRPVVFRQKRVGKDG----KTFTMLKLRS
DIICSLLGIIALIP--VAIVTKICYIAT-GDKKSIFYKQKRIGKNG=-~~~KPIYIYKFRS
DILGGLAGSVLFLIAAALLY I -PYKMSSKKDQGPMFYKQKRYGKNG-~-~--KFFY|LKFRT
DIVGSLSI I IVLSPL-VLLYI-SQKVK--KDGGSAIYGHERVGKGG--~--KPFKCLKFRS
DILGAVVGLIISGI--VSILL-IP-11R-RDGGPAIFAQKRVGQNG----RIFTFYKFRS
DRVFAAVALLGMSPr-LLIA-IAIGVKL-SSPGPVLFRQKRLGIDG-~-~--KPFDVFKFRT
DIVVSCLLLILLAPL-LFLVL-FLMIR--KDGGKAVYSQVRVGRDR--~--KVFKCYKLRT

DIVFSLLVLILFSPr-VYLIL-ALLIAL-SSKGPIFYVQERIGKNY-~---KPFYCIKFRT



Figure S4. Alignment of the TMH-V and C terminal region of PHPT homologues. The dataset is described in Table S3.
Initial alignments using Clustal Omega ° revealed that an aspartic acid residue (in green) corresponding to D-278 in
Wecal is highly conserved (see Fig. 3 in the main manuscript). To facilitate the alignment, all sequences were trimmed
to remove all amino acids N-terminally located with the respect to D-278, which serve to mark the predicted border of
TMH-V. The highly conserved proline corresponding to P-291 in Wcal is indicated in red.
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