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Fig. S1. Confirmation of the suitability of fluorescence or chemiluminescence detection of PPIX/MPIX or heme

(FePPIX)/mesoheme (FeMPI1X), respectively. 5 ul of the respective porphyrin solution in PBS was applied onto the
nitrocellulose membrane and fluorescence (Epi-far red) or chemiluminescence was detected using the ChemiDoc

Imaging System (Bio-Rad Laboratories).
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Fig. S2. Amino acid sequence alignment of HmuY proteins. Yellow arrows indicate regions of proteins with amino
acids engaged in heme/PPIX binding. Blue arrows indicate protein regions that form the core of the protein
structure. Amino acids involved in heme-iron coordination are shadowed in red (experimentally confirmed) or green
(predicted). Amino acids forming ligand-binding pockets in proteins with resolved structures are shown in yellow
with black edges. Predicted amino acids potentially involved in the PPIX ring binding are shown in grey. The
consensus amino acid sequence is shown below the examined sequences. Species names with abbreviations, given
along with HmuY names, are listed in Table 1 and Table S1.
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Fig. S3. Comparison of Porphyromonas HusA proteins. (A) Organization of the operons or gene clusters encoding
proteins of the Hus system found in Porphyromonas species. A gap between genes marked
by / / indicates that the gene clusters are in different genome regions. The values above the genes indicate the
identity of the amino acid sequences concerning the protein from Porphyromonas gingivalis. Strain names are
shown in brackets. (B) Heat map constructed based on amino acid sequence of HusA proteins. The color gradient
from white to dark green shows the percentage of identity from lowest (20%) to highest (100%). (C) The
phylogenetic tree was constructed based on the amino acid sequence of HusA proteins. (D) Amino acid sequence
alignment of HusA proteins. Amino acids potentially involved in heme/PPIX binding are shadowed. The consensus
amino acid sequence is shown below the examined sequences. Species names with abbreviations, given along with
HusA names, are listed in Table 1 and Table S1. (E) Experimentally solved structure of HusA protein from
P. gingivalis (HusA™; PDB ID: 6CRL) and modeled structures of HusA homologs from Porphyromonas
cangingivalis (HusA™¢) and Porphyromonas macacae (HusAP™) with localization of amino acids potentially
involved in heme/PPIX binding. The structures of HusA proteins were modeled with AlphaFold
(https://alphafold.com) (Jumper et al. 2021; Varadi et al. 2022). Protein structures were visualized with UCSF
Chimera (https://www.cgl.ucsf.edu/chimera/) (Pettersen et al. 2004).
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Fig. S4. Heme- and PPIX-binding capacity. Porphyromonas gingivalis HmuY"®, Porphyromonas endodontalis
HmuY?®, and Tannerella forsythia HmuY™, or Bacteroides fragilis HmuY®™? and P. gingivalis HusAP® proteins were
selected to demonstrate differences in heme alone (black lines), PPIX alone (purple lines), or heme in the presence
of PPIX (green lines) binding resulting from the presence of two histidines (HmuY"¢), a histidine-methionine pair
(HmuY?®), two methionines (HmuY™), or the absence of amino acids coordinating heme-iron (HmuY®*? and
HusAP¢). The binding was examined using UV-visible absorbance spectroscopy. Spectra were recorded under
oxidizing (ox) and reducing (red) conditions, the latter conditions formed by 10 mM sodium dithionite. Spectra of
heme, PPIX, or a mixture of both porphyrin compounds are shown to demonstrate differences between porphyrins
alone and protein-porphyrin complexes.
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Fig. S5. FeMPIX- and MPIX-binding capacity. Porphyromonas gingivalis HmuY"®®, Porphyromonas endodontalis
HmuY?®, and Tannerella forsythia HmuY™, or Bacteroides fragilis HmuY®™? and P. gingivalis HusAP® proteins were
selected to demonstrate differences in FeMPIX alone (black lines), MPIX alone (purple lines) or FeMPIX in the
presence of MPIX (green lines) binding resulting from the presence of two histidines (HmuY?®), a histidine-
methionine pair (HmuY"), two methionines (HmuY™), or the absence of amino acids coordinating heme-iron
(HmuY®*2 and HusA"®). The binding was examined using difference absorbance spectroscopy (AAbsorbance).
Spectra were recorded under oxidizing (ox) and reducing (red) conditions, the latter conditions formed by 10 mM
sodium dithionite.
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Fig. S6. FeMPIX- and MPIX-binding capacity. Porphyromonas gingivalis (HmuY"®), Porphyromonas endodontalis
(HmuY?), and Tannerella forsythia (HmuY™), or Bacteroides fragilis (HmuY®™?) and P. gingivalis HusA (HusAF?)
proteins were selected to demonstrate differences in FeMPIX alone (black lines), MPIX alone (purple lines) or
FeMPIX in the presence of MPIX (green lines) binding resulting from the presence of two histidines (HmuY "¢),
a histidine-methionine pair (HmuY?®), two methionines (HmuY™), or the absence of amino acids coordinating
heme-iron (HmuY®"? and HusA"?). The binding was examined using UV-visible absorbance spectroscopy. Spectra
were recorded under oxidizing (ox) and reducing (red) conditions, the latter conditions formed by 10 mM sodium
dithionite. Spectra of FeMPIX, MPIX, or a mixture of both porphyrin compounds are shown to demonstrate
differences between porphyrins alone and protein-porphyrin complexes.



HmuR Bv
HmuR Bf-1
HmuR Tf-2
HmuR Pi-1

HmuR Pm
HmuR Tf-1
HmuR Pcc

HmuR Peg-1
HmuR Pcn-1

HmuR Ple

HmuR Pg
HmuR Pgu

HmuR Pe
HmuR Pcd
HmuR Pgc
HmuR Pu-1
HmuR Pa-1

HmuR Ppo-1
HmuR Ppa

HmuR Ps

HmuR Ple
HmuR Bf-3

HmuR Ppo-2
HmuR Bf-2
HmuR Pu-2
HmuR Pa-2

HmuR Pcg=2

HmuR Pcn-2

Consensus

HmuR Bv
HmuR Bf-1
HmuR Tf-2
HmuR Pi-1

HmuR Pm
HmuR T-1
HmuR Pcc

HmuR Pcg-1
HmuR Pcn-1

HmuR Plo

HmuR Pg
HmuR Pgu

HmuR Pe
HmuR Pcd
HmuR Pgc
HmuR Pu-1
HmuR Pa-1

HmuR Ppo-1
HmuR Ppa

HmuR Ps

HmuR Ple
HmuR Bf-3

HmuR Ppo-2
HmuR Bf-2
HmuR Pu-2
HmuR Pa-2

HmuR Pcg-2

HmuR Pcn-2

Consensus

131 TADE IKKVDATHIGDLLQAELPGIEFSY - -SMDQQVSLNMQGFGGNAVLFLVDGERLAGET-LDNIDYNRLNMSNVERIE I VK 210
132 TAGDLKKVDATHIGQLLQVELPGIEFSY - -SMDQQVKLNMQGFGGNAVLFLVDGERLAGET-LDNIDYNRLNLDNVERVE I VK 211
136 TAED IKK IDPQDFKSLLEYELPGLHFDGAAHGSGLPAISFQGMDSRYLLFLIDGERIAGEGALDNVDFSRLNVDNIERIEIVK 218
136 SQEEIKTVNPVDLNTLLEYTLPGIQFYYN-SMSQTTTLNYQGMDSKSVLFLLDGERMSGEGADHNIDFSRINVDNIERIEVVR 217
138 SHRD IQMLNPVNLESLLQYELPGLQIGYN-SMSQMPY I TYQGVGGAYLLFLVDGERVSGEGSDHNVDFSRFNIDDIERVEVIK 219
140 SQKD IQALNPMS IETLLQYELPGLQITYN-SMSRMPQ IKYQGVDGEYMLFL IDGERVSGEGADHNVDFTRFNVDEIERIEFIR 221
140 KRKD IER I AAPS IKELLEYQIPGVEFSTH- - -GGNI SVRMQGFESGY ILFLIDGEEVSG-QNNGNIDLTRLTPEQIERVEVIR 218
147 TRAQIDRIAPTTMKDILLYS IPGIEFSQH- - -GGITHITMQGYNADY IAFLIDGEEVAG-LKSGSIDLSRLSPDNIERIEVIK 225
141 GRSQIEKIVPTTMNELFLYTIPGIELSDH- - -GGVTRMK IQGLDSKYTAIL IDGEEMAG -MRSGSVDLSRLSPDMIERVEVVK 219
67 KAKDIKAIAPSSFADILQYILPGVEFTKH- - -GSRDQFNAQGFDESSMLFLVDGELITT-GSTSGIDFERINPDDIERIEVLR 145
67 KAKDIKAIAPSSFIDVLQYILPGIEFTKH- - -GSRDQLNAQGFDESS ILFLVDGELIST-GSTSGIDFERINPDDIERIEVLR 145
67 KAKDIKAIAPSSFIDVLQYILPGIEFTKH- - -GSRDAQLNAQGFDESS ILFLVDGELIST-GSTSGIDFERINPDDIERIEVLR 145
83 KAKE IEMLAPQNFRDLLQYVLPGVEFTKH- - -GSQDRINMQGFNSSSLLFLIDGELISA-GTGSDIDFNRINPDDIERIEVLR 161
69 KAKEIKILAPQNF IDLMQYVLPGVEFSKH- - -GPQDK I TMQGFNGTALLFLVDGELITT-GAGNTIDFERINPDDIERIEVLR 147
64 KAKEIKILAPQNFMDLMQYVLPGVEFSKH- - -GPQDKIMMQGFNGTALLFLVDGELVTT-GAGNTIDFERINPDDIERIEVLR 142
64 SPKEIEAVQARSVEDLLQMV IPGVQTSTH- - -GTQNRMS IRGLSADYYLFL IDGERMTNEGASSSVDLERIDPSSIERIEMLQ 143
64 SPKEIEAVQARSVEDLLQMV IPGVQTSTH- - -GTQNRMS IRGLSADYYLFLVDGERMTNEGSASSVDLERIDPSSIERIEMLQ 143
75 SHKDIERLHPRSVTDILQMS IPGTQVSMH - - -GAQYRMS IQGLSADY ILFLIDGERVSSEGN-S|IVDLNRLDVANIERVEI IR 153
62 SRTELDRLAPRSAADALQMSLPGINVTAH- - -GAQYRVSVQGFSGDHVLFLVDGERLTSEGN-GVVDLNRIDMANVERIELI1S 140
62 SRTELDRLAPRSAADALQMSLPGINVTAH- - -GAQYRVSVQGFSGDHVLFLVDGERLTSEGN-GVVDLNRIDMANVERIEL IS 140
70 GDVEITSSNFENITELLQYNLPGLSFKRD- - -GRG INMQAQGLENSY ILVLVDGECLAKTP -GGNIDLSRISQSNIKQIEIVK 148
133 GGKALVDAGYSNLQQALQQETPGLNIQKV- - -GFGNE | SMQGLDARHVLFLMDGERMTGDM- AGNLDYERFNLHAIDRVE | VK 211
134 TGKAMREAGYGNLQQVLQQETPGLNIQKV- - -GFGNE | SMQGLDARHVMFLLDGERMTGDM-AGN IDYERFNLHAIDHIE I VK 212
65 TSKQIEERGTGNIQDLLTQEVPGLNFQEV- - -GYGTSIDIQGLGSKHILFLIDGERIAGEN-GGNIDYSRINLYNIDHIEIVK 143
31 SRKQIERQGWMD IKSLLQDE IPGLSFSEV---GFGTSINLQGLGAKHILFLIDGERIAGES-GNNIDYTRLNLNNIERIEIVQ 109
55 SRKQIERQGWMD IKSLLQDE IPGLSFSEV---GFGTS INLQGLGAKHILFLIDGERIAGES-GNNIDYTRLTLNNIERIEIVQ 133
63 TDKQIAERGLTD IKSLLMQEVPGLTFNEV- - -GFGTS INMQGLDAKQILFLIDGERIAGET-GNNIDYQRISLSNIERIEIVQ 141
58 TAKQIESRGLTDIKSLLSQEVPGLTFNEV---GFGTS INMQGLSGKHILFL IDGERMAGES -GNNIDYQRINLNNIERIEIVQ 136

SAKEIERLAPTS IKDLLQYELPGLEFSKHASMGFQT+ INMQGLD+KY ILFLIDGERIAGEGAGGNIDFERINPDNIERIEIV+

478 CSLRGSYAGGFRAPTLKEMYMNFDMAS - - IFMI YGNPDLKPETSHNFSLSAEYMKG -RYNLTVTGFYNVVDNRITTAWS - - -

470 CSLRGSYAQGFRSPTLKEMHMNFYMAN - - TMM| YGNPDLEPETSHNFSLSGEYTKN-RYNFTLTGYYNLVHDRIEYTSFRDT -
501 VTLRGGYAAGFRSPSMKELYGEFSHGG- -MFKIYGSTDLKPETSHHVSLSGEWTAG- IFNISATGYYNWFNKR|AMQQR I SE -

498 I TFRAGYSQGYRIPTLKELYQEFNMAG- - | IMIYGNKDLKPEYGSQLSASVEYDHG-GFNLSLSAYHNRFRNKITYEY ISP -
487 LALRAGFSQGFRSPSLKELYQEYDMGGLG IMMLYGNPDLKPETSHQFALSAEYTEG-PFNASVSAYYNRFRNKIVYALLGD -
502 VTLRAGYSQGFRSPSLKELYQEYDMGGLGFLMLYGNPDLKPETSHQFSLSAEYTQG-GFNASVSTSHNRFHNK I TYKEKNK -
481 INIRAGYAHAFKAPT I TELNFDWFHENGPGFKI TGNKNLKPETANQFTLSGEYSRR-DFSASVTAHHTSFNRKIVMLQ - - - -
487 WILRGGYSRAFKSPSVMDLYFNWSHQG - -LFD | IGNPDLKPETANQFLTNLEWSNA-QLSFAAGVTHTLFKDRIVMQQ- - - -
483 VKMRLGYYEAFKSPTAMELYFNWSHLG - -RFY I LGNPNLKPETARQMLVNLEWNHKHTLS INSGVTHTRFKDRIVLRA- - - -
410 VAHRLSYGEGYRAPSLQELFFFFNHGA- - -FF I YGNPELQPEKSRMLSYSAEGRWN -KLTLVGTAFYNHVRNRIDFV - - - - -
410 VTNRLSYAEGYRAPSLQEMYFFFNHGA- - -FF I YGNPDLKPEKSRMLSYSAEAHWN - KLTLMGNVFFNHVRNRIDFT - - - - -
410 VTNRLSYAEGYRAPSLQEMYFFFNHGA- - -FF I YGNPNLKPEKSRMLSYSAEAHWN - KLTLMGNVFFNHVRNRIDFT - - - - -
428 LALRLTDAQGYRAPSMQELYMFFDHLG- -MFMI YGNEALKPEESHMVSFSTEYKAK-ETSLMFNAFFNKVDNRIQTVARVR -

413 LSLRLSYSEGYRAPTLQEQFFFFNHQP - - -FYILGNPNLKPEKSRMFSFSAEGKWS - HVSLMANVFYNTVYSRIALKNTVDS -
408 LSYRLSYSEGYRAPTLQEQFFFFNHQP - - -FYILGNPDLKPEKSRMFSLSAEGKWS - HVSVMANVFYNNVYSRIALKNTVNT -

413 YALRISYSEGFRSPSLKELFMDWDHRG - -MFRIKGASDLKPE ISHLVMITPEYNNS - FMNLSLSASYNRINNRIYTRPE- - -
413 YALRISYSEGFRSPSLKELFMDWDHRG - -MFRIKGSSDLKPE I SHLVMIAPEYNNS - FMNLSLSASYNRINNRIYTRPE - - -
419 WRVRLSYSEGFRSPSLKELYMDWDHRG - -MFQ | LGNKDLNPEKSRMIALSPEYQYK-NLNITLIGYYNRISDRIYMRSE- - -
406 VRLRTSYAEGFRAPS I KEQFMDWDHFG - -MFF IKGSDHLRPEVSRMLSFSPEWQTS -HLSLTGIASYNVISNQIGTLMT - - -
406 VRLRTSYAEGFRAPS | KEQFMDWDHFG - -MFF IKGSDHLRPEVSRMLSFSPEWQTS -HLSLTGIASYNVISNQIGTLMT - - -

412 FKVRTGYSMGFKAPNNTELYSDFMMGA - -VSHNIGNPNLKAERSQYGYLSLEYRMP -SFAISGEVYQNTLRDKIQSSFVRVTN

527 WSLRANYSMGYRSPS IKELFFNWDHLG - -MFMIRGNENMRPEKNNYFSLGAEYSND-RLFVSGTAYGNYFRDKIEGVWR I YD -
525 WTLRANASLGYRSPS IKELFFNWDHLG- -MFQ IKGNEYLRPERNRYLSFSAEYSKN-GFF INGALFGNFFTKKIEGVWR I YD -

448 FTVRFNYARGYRSPS IKELYMNWDHLG - -MFWI YGNSKLKPETNNY ISLSGEYVNS -WININANVYSNWFRNK | EGMWSN - -
416 FTIRLNYGRGYRSPS I KELYMDWDHLG - -MFWI YGNKQLKPESNHYLSLTTEYTHP -QLYVMLSGYYNFFTNKIEG IWSE - -
440 FTIRLNYGRGYRSPS IKELYMDWDHLG - -MFWI YGNKQLKPESNHYLSLTTEYTHP -QLYVMLSGYYNFFTNKIEG IWSE - -
447 ITFRLNYGAGYRSPS IKELYMNWDHFG - -MFMI YGNTDLKPERNHHLSLSTEYISK-RFYAILSGYINAFSNKIEGIWGK- -
442 VTLRFNYGAGYRSPS IKELHMNWDHLG - -MFMI YGNSALRPERNHYFSLSSEYVSG-RFYALISGYYNSFSNKIEGIWRN- -
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Fig. S7. Comparative analysis of HmuR TonB-dependent receptors (TDRs) of Porphyromonas species and other
representative members of the Bacteroidota phylum. Amino acid sequence alignment of the selected regions of
HmuR proteins is shown. Conserved amino acid motifs are shadowed in yellow, conserved heme-binding histidines,
experimentally confirmed in the Porphyromonas gingivalis HmuR, are shadowed in red, and their predicted
counterparts in other HmuR proteins are shadowed in green or purple. The consensus amino acid sequence is shown
below the compared sequences. Species names with abbreviations, given along with HmuR, are listed in Table 1

and Table S1.



Fig. S8. Comparison of overall three-dimensional structures of HmuR proteins identified in representative
Porphyromonas species and Tannerella forsythia (HmuR™! and HmuR™?2). The positions of amino acids engaged
in heme binding determined experimentally in HmuR"® or predicted in other HmuR proteins are marked with
arrows. The structures of HmuR proteins were modeled with AlphaFold (https://alphafold.com) (Jumper et al. 2021;
Varadi et al. 2022). Protein structures were visualized with UCSF Chimera (https://www.cgl.ucsf.edu/chimera/)
(Pettersen et al. 2004). Abbreviations of species names, given along with HmuR, are listed in Table 1 and Table S1.
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Table S1. Accession numbers of protein sequences and IDs of three-dimensional structures of HmuY, HmuR, and
HusA proteins identified in Porphyromonas species and other representative members of the Bacteroidota phylum.

Species name Protein name Protein sequence (NCBI | Source of three-dimensional protein
accession number) structure (ID)
Porphyromonas gingivalis HmuY"s AKV63662.1 PDB (3H8T; 6EWM)
HmuRP¢ AKV63661.1 AlphaFold (AF-Q7MUG9-F1)
HusAPe AKV65255.1 PDB (6CRL)
Porphyromonas gulae HmuYPe WP _039438181.1 AlphaFold (AF-A0A099WTH2-F1)
HmuRPe" WP _018964856.1 AlphaFold (AF-AOAOA2EWH6-F1)
HusAP&u WP _018965124.1
Porphyromonas loveana HmuY?™"* WP 116679143.1 AlphaFold (AF-A0A2U1FHF1-F1)
HmuRP® WP _116679142.1 AlphaFold (AF-AOA2U1FHG6-F1)
HusAPl WP _116679466.1
Porphyromonas endodontalis HmuY™e EEN82265.1 AlphaFold (AF-C3JC46-F1)
HmuRP® WP _004334615.1 AlphaFold (AF-C3JC45-F1)
Porphyromonas circumdentaria | HmuYP WP 078737171.1 AlphaFold (AF-AOA1T4NY32-F1)
HmuRP¢ WP _078737170.1 AlphaFold (AF-AOA1T4NXX1-F1)
Porphyromonas gingivicanis HmuY?’e WP 025843422.1 AlphaFold (AF-A0OA0A2GACO-F1)
HmuRPee WP 262498461.1 Phyre2*P; I-TASSER!
Porphyromonas uenonis HmuYP*! WP 007365951.1 AlphaFold (AF-C2MDL4-F1)
HmuYP-2 WP _007365011.1 AlphaFold (AF-C2MAS7-F1)
HmuYPv3 WP _007364618.1 AlphaFold (AF-C2M9P3-F1)
HmuRP! WP _007365947.1 AlphaFold (AF-C2MDL3-F1)
HmuRP"2 WP 232501405.1 AlphaFold (AF-C2MAS6-F1)
Porphyromonas asaccharolytica | HmuY®! WP 013760568.1 AlphaFold (AF-F4AKLQ3-F1)
HmuYP#2 WP _004330373.1 AlphaFold (AF-F4AKMV2-F1)
HmuYP?3 WP 245528052.1 AlphaFold (AF-F4KJB9-F1)
HmuRP#! WP 013760567.1 AlphaFold (AF-F4KLQ2-F1)
HmuRP*2 WP 013760707.1 AlphaFold (AF-F4KMV1-F1)
Porphyromonas levii HmuY?™® WP _018358608.1 AlphaFold (AF-A0A4Y8WQ16-F1)
HmuR™¢ WP _018358607.1 AlphaFold (AF-A0A4Y8WQ48-F1)
Porphyromonas cangingivalis HmuYPee! WP (078735519.1 AlphaFold (AF-A0A1T4JSJ8-F1)
HmuYPee2 WP 025837250.1 AlphaFold (AF-AOAOA2EPNI1-F1)
HmuyPee3 WP _036854131.1 AlphaFold (AF-AOA1T4NRNS8-F1)
HmuRPee-! WP _078735518.1 AlphaFold (AF-A0A1T4JSKO0-F1)
HmuRPee2 WP_051522656.1 AlphaFold (AF-A0A1T4JZ82-F1)
HusAPee WP 036851981.1 AlphaFold (AF-A0OA0A2EQD9-F1)
Porphyromonas canoris HmuyPer! WP 052089871.1 Phyre2°9; I-TASSER?
HmuyPen-2 WP _036788494.1 Phyre2°¢; I-TASSER?
HmuRPer-! WP _081964512.1 Phyre2%f; -TASSER?
HmuRPer2 WP _036788496.1 Phyre2*¢; I-TASSER?
Porphyromonas macacae HmuY™™ WP 018360193.1 AlphaFold (AF-AOA379E6Z1-F1)
HmuRP™ WP 018360192.1 AlphaFold (AF-A0A379DHEO-F1)
HusAPm WP _018360786.1 AlphaFold (AF-A0A379DKO08-F1)
Porphyromonas pasteri HmuRPP? WP _188807413.1 Phyre2®¢; I-TASSER?
Porphyromonas somerae HmuR" WP _060935907.1 AlphaFold (AF-A0A134B229-F1)
HusAPs WP 051052328.1
Porphyromonas crevioricanis HmuyPee WP 023939427.1 AlphaFold (AF-AO0AO0A2FIS2-F1)
HmuRPe WP 023939425.1 AlphaFold (AF-A0A2X4STT9-F1)
Porphyromonas pogonae HmuY?Pro-! WP 329903936.1 Phyre2¢¢; I-TASSER*
HmuYPro-2 WP _329902994.1 Phyre22¢; I-TASSER®
HmuRPro-! WP _329903938.1 Phyre2"?; I-TASSER®
HmuRPro-2 WP 329902993.1 Phyre2"f; I-TASSER
HusAPro WP 329904683.1
Tannerella forsythia HmuY™ (Tfo) WP _014225394.1 PDB (6EUS)
HmuRTF! WP _014225393.1 AlphaFold (AF-G8UQXS5-F1)
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HmuRT™2

WP _208854689.1

AlphaFold (AF-G8UQX4-F1)

Prevotella intermedia

HmuY"! (PinO)

WP _014708291.1

PDB (6R2H)

HmuY"? (PinA)

WP _014709321.1

AlphaFold (AF-AOA1P8JJ12-F1)

HmuRP™

WP_044047471.1

AlphaFold (AF-A0A1P8JPE5-F1)

Bacteroides fragilis

HmuYP*' (BfrA) | WP 010993105.1 PDB (4GBS)
HmuYP™ (BfrB) | WP _005785524.1 PDB (8B6A)
HmuYP™ (BftC) | WP _005787358.1 PDB (8B61)

HmuRBf!

WP_005815393.1

AlphaFold (AF-Q5LBW4-F1)

HmuRB"? WP 005793172.1 AlphaFold (AF-E1WQ73-F1)

HmuRBf3 WP 010992887.1 AlphaFold (AF-A0A642L6Q0-F1)
Bacteroides vulgatus HmuY® (Bvu) WP 005839056.1 PDB (3U22)

HmuRBY WP _005848805.1 AlphaFold (AF-A6L2E0-F1)

@modeled based on the structure of siderophore receptor PirA from Acinetobacter baumannii (PDB ID: 5FR8)

®modeled based on the structure of the colicin I receptor Cir from Escherichia coli (PDB ID: 2HDI)

‘modeled based on the HmuY® structure (PDB ID: 3H8T)

Ymodeled based on the HmuY&®2 (formerly BfrB) structure (PDB ID: 8B6A)

®modeled based on the structure of ferric enterobactin receptor (PfeA) from Pseudomonas aeruginosa (PDB ID: 5MZS)
‘modeled based on the structure of substrate-free levan utilization machinery Bacteroides thetaiotaomicron (PDB ID: 8A9Y)
9modeled based on the HmuY®B"2 (formerly BfrC) structure (PDB 1D: 8B61)

"modeled based on the structure of SusC components of the dextran utilization system from Bacteroides thetaiotaomicron
(PDB ID: 8AA4)

Ythe highest structural analogy is shown by I-TASSER to ferric pyoverdine outer membrane receptor FpvA from Pseudomonas
aeruginosa (PDB ID: 205P), ferrioxamine B transporter FoxA from Pseudomonas aeruginosa (PDB ID: 6196)

%the highest structural analogy is shown by I-TASSER to the HmuY®9 (PDB ID: 3H8T), HmuY™ (formerly) (PDB ID: 6EUS)
3the highest structural analogy is shown by I-TASSER to ferric pyoverdine outer membrane receptor FpvA from Pseudomonas
aeruginosa (PDB ID: 205P), the structure of ferric enterobactin receptor (PfeA) from Pseudomonas aeruginosa (PDB ID:
5MZS)

“the highest structural analogy is shown by I-TASSER to the HmuY®? (PDB 1D: 3H8T), BfrB (PDB ID: 8B6A),

Sthe highest structural analogy is shown by I-TASSER to the HmuY®" (formerly BfrC) (PDB ID: 8B61), HmuY™ (PDB ID:
3H8T)

8the highest structural analogy is shown by I-TASSER to the structure of ferric enterobactin receptor (PfeA) from Pseudomonas
aeruginosa (PDB ID: 5MZS), ferrioxamine B transporter FoxA from Pseudomonas aeruginosa (PDB ID: 6196).

"the highest structural analogy is shown by I-TASSER to the structure of the ferric enterobactin receptor (PfeA) from
Pseudomonas aeruginosa (PDB ID: 5MZS), the ferripyoverdine receptor (FpvA) from Pseudomonas aeruginosa (PDB ID:
2W78).
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Table S2. Plasmids generated and/or used in this study.

Plasmid name

Description*

Reference

pMAL-c5x_His-HmuY

plasmid used to overexpress HmuY®9 protein with 6xHis-MBP** tag at the N-terminus

Smiga et al. 2023

PMAL-c5x_His-HmuY-H134M

modified pMAL-c5x_His-HmuY plasmid used to overexpress HmuYP9 H134M protein variant with 6xHis-MBP
tag at the N-terminus

Kosno et al. 2022

PMAL-c5x_His-HmuY-H166M

modified pMAL-c5x_His-HmuY plasmid used to overexpress HmuYP9 H166M protein variant with 6xHis-MBP
tag at the N-terminus

Kosno et al. 2022

pPMAL-c5x_His-HmuY-
H134M/H166M

modified pMAL-c5x_His-HmuY plasmid used to overexpress HmuYP? H134M/H166M protein variant with
6xHis-MBP tag at the N-terminus

Kosno et al. 2022

pMAL-c5x_His-HusA

plasmid used to overexpress HusAP9 protein with a 6xHis-MBP tag at the N-terminus

Smiga et al. 2023

pTriEx-HmuY®e

plasmid used to overexpress HmuYP® protein with 6xHis at the protein N-terminus

Smiga and Olczak 2024

pTrHEX-HmMuYP*H128M

modified pTriEx-HmuYP® plasmid used to overexpress HmuYP® H128M protein variant with 6xHis at the N-
terminus

This study

pTrHEX-HMuYP*M163H modified pTriEx-HmuY®® plasmid used to overexpress HmuYP M163 protein variant with 6xHis at the N- | This study
terminus
pTriEx-HmuYP*H128M/M163H modified pTriEx-HmuY®e plasmid used to overexpress HmuYPe H128M/M163H protein variant with 6xHis at the | This study

N-terminus

pMALCc5x_Tfo

plasmid used to overexpress HmuY ™ protein with 6xHis-MBP tag at the N-terminus

Slezak et al. 2020

pPMALc5X_HmuYTM145H modified pMALc5x_Tfo plasmid used to overexpress HmuY™f M145H protein variant with 6xHis-MBP tag at | This study
the N-terminus

pMALc5x_HmuYTM171H modified pMALc5x_Tfo plasmid used to overexpress HmuYTf M171H protein variant with 6xHis-MBP tag at | This study
the N-terminus

pMALc5x_HmuYTM145/M171H modified pMALc5x_Tfo plasmid used to overexpress HmuY ™" M145H/M171H protein variant with 6xHis-MBP | This study

tag at the N-terminus

pMal-c5x_His-BfrB

plasmid used to overexpress HmuY®™2 protein with 6xHis-MBP tag at the N-terminus

Antonyuk et al. 2023

pMal-c5x_His-BfrB_Y89A

modified pMal-c5x_His-BfrB plasmid used to overexpress HmuY8™2 Y89A protein variant with 6xHis-MBP tag
at the N-terminus

Antonyuk et al. 2023

pMal-c5x_His-BfrB_M144A

modified pMal-c5x_His-BfrB plasmid used to overexpress HmuY®B2 M144A protein variant with 6xHis-MBP
tag at the N-terminus

Antonyuk et al. 2023

pMal-c5x_His-BfrB_C153A

modified pMal-c5x_His-BfrB plasmid used to overexpress HmuY®B™2 C153A protein variant with 6xHis-MBP
tag at the N-terminus

This study

pMal-c5x_His-BfrB_Y165A

modified pMal-c5x_His-BfrB plasmid used to overexpress HmuY®B+2 Y165A protein variant with 6xHis-MBP
tag at the N-terminus

Antonyuk et al. 2023

*All tags were removed from recombinant proteins during the purification process using Factor Xa.

**MBP — maltose binding protein
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Table S3. Primers designed and used in this study. All primers were used to introduce point mutations into
respective plasmids.

TCATTAGCGGTGGACT

Primer name DNA sequence 5°—3° Description
PBM_0858 GCATGGGAGGTGGCTCTATGGATAGTAATCACG | primers used to replace histidine 128 with methionine
AGCAAACAGG (H128M) in HmuYPe encoded in pTriEx-HmuYP®
PBM_0859 CCTGTTTGCTCGTGATTACTATCCATAGAGCCAC | plasmid
CTCCCATGC
PBM_0860 TGATTACGACCTTGGCAACCACCCTCCCCGCGT | primers used to replace methionine 163 with histidine
TCGTTTGTC (M163H) in HmuY®e encoded in pTriEx-HmuY®e
PBM_0861 AACGAACGCGGGGAGGGTGGTTGCCAAGGTCG | plasmid
TAATCAAGCC
PBM_0862 GTTGGTCGGTTTCAATATGGCGGATCACATGAA | primers used to replace methionine 145 with histidine
AAGTAAATTTACTGTTGC (M145H) in HmuY™ encoded in pMALc5x_Tfo
PBM_0863 GGCAACAGTAAATTTACTTTTCATGTGATCCGC | plasmid
CATATTGAAACCGACCAAC
PBM_0864 CTCAAAACATGGATTGTGGAAAATCCTCACGGA | primers used to replace methionine 171 with histidine
AAGGCACCCGTACTCTCCAAATCC (M171H) in HmuY™ encoded in pMALc5x_Tfo
PBM_0865 GGATTTGGAGAGTACGGGTGCCTTTCCGTGAGG | plasmid
ATTTTCCACAATCCATGTTTTGAG
PBM_0685 AGTCCACCGCTAATGAGGTTCTCGCGAAAGCAA | primers used to replace cysteine 153 with alanine
TCACTTTTGCCGGCCC (C153A) in HmuY®B™2 encoded in pMal-c5x_His-
PBM_0686 GGGCCGGCAAAAGTGATTGCTTTCGCGAGAACC | BfrB_C153A plasmid
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Table S4. Comparison of Porphyromonas species.

Species Strain Accession number Number of | Genome GC content | Number of | Host Isolation Selected references
(abbreviation used in contigs size [Mb] | [%] proteins source
this study)
P. gingivalis (Pg) | W83 NZ_CP025932.1 1 23 485 1919 human oral cavity est“;m;%?eén et al. 2015, Bird
?fl_le;rsrzmals Fournier et al. 2001,
P. gulae (Pgu) DSM 15663 GCF_000378065.1 67 2.3 48,5 1948 isolation oral cavity | Summanen et al. 2015, Bird
etal. 2016
from a dog)
P, loveana (Plo) DSM 28520 | GCF _003096695.1 45 2.3 50.0 1826 marsupials | oral cavity | Bird et al.2016
P. endodontalis (Pe) | ATCC 35406 | GCF_000174815.1 |37 2.1 475 1965 human oral cavity S’t“;rlng?ﬁeén et al. 2015, Bird
P circumdentaria ATCC 51356 | GCF_900167105.1 39 20 430 1725 feline oral cavity, | Summanen et al. 2015, Bird
(Pcd) empyemas | et al. 2016
Summanen et al. 2015, Bird
P, gingivicanis (Pgc) | JICM 15907 GCF_000614585.1 35 2.1 425 1657 dog oral cavity |et al. 2016, Hirasawa and
Takada 1994
Sakamoto and Ohkuma 2013,
P, crevioricanis (Pec) | JCM 13913 | GCF_000509265.1 | 89 2.1 455 1710 d ral cavity | Summanen et al. 2015, Bird
> crevioricanis (Pcc i . . . og oral cavity | "1 50 6. Hirasawa and
Takada 1994
P, levii (Ple) DSM 23370 | GCF_000379925.1 125 2.5 455 2066 bovine rimen, Summanen et al. 2015, Bird
- abscess etal. 2016
Finegold et al. 2004,
P. uenonis (Pu) 60-3 GCF_000174775.1 250 2.2 52.5 1806 human gut Summanen et al. 2015, Bird
etal. 2016
P asaccharolytica Summanen et al. 2015, Bird
(Pa) DSM 20707 NC 015501.1 1 2.2 52.5 1644 human empyema | 5016
P caneineivalis Collins et al 1994,
i Smg: JCM 15983 GCF_000614355.1 48 2.4 47.5 1896 dog oral cavity | Summanen et al. 2015, Bird
(Pcg)
etal. 2016
. COT-108 . Love et al. 1994, Summanen
P. canoris (Pcn) OH1224 GCF_000765975.1 21 2.3 445 1846 dog oral cavity etal. 2015, Bird et al. 2016
feline and . Love 1995, Summanen et al.
P. macacae (Pm) JCM 13914 GCF_000614325.1 44 2.2 43.5 1685 monkeys oral cavity 2015, Bird et al. 2016
abscess .
P. pogonae (Ppo) | PPO1-1 NZ_CP143258.1 1 2.9 415 2223 lizard acute Kawamura et al. 2015, Kim

sinusitis,

et al. 2016, Huang et al. 2024
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infected
human
wound
P. pasteri (Ppa) JCM 30531 GCF _014647755.1 9 2.2 56.0 1626 human oral cavity | Sakamoto et al. 2015
Summanen et al. 2005,
P. somerae (Ps) DSM 23386 GCF_000372405.1 95 2.4 47.0 1881 human ulcer Summanen et al. 2015, Bird
etal. 2016
Summanen et al. 2009,
P. bennonis JCM 16335 GCF_000375645.1 87 2.0 56.5 1571 human abscess Summanen et al. 2015, Bird
et al. 2016,
P, catoniae ATCC 51270 | GCF_000565015.1 |25 2.0 51.0 1561 human oral cavity z’t“:l“g%?%n et al. 2015, Bird
P. bronchialis PAGU1601 No genome sequence available. Closely related to P. catoniae and P. pogonae | human Eﬁﬁgzhlal Sato et al. 2015
P, katsikii JF5581 No genome sequence available. Closely related to P. somerae and P. levii goat lung Filioussis et al. 2015
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