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Supplementary Table S1Primers used in this study.

Product
Name DNA sequence (5-3’) length  Locus ID, gene abbreviation Description
(bp)
F_qTfo GGATGCGACAAGAAAGACGA 189 LN6244591fo Amplify fragment ofT. forsythia tfo gene
R_qTfo CCTTTGGCTGGGATGGTTTC (QRT-PCR)

F_16sRNA_Tf AGTCGCGTGAAGGATGACTG
R_16sRNA_Tf CTTAACAGCCCACCTACGCA

Amplify fragment ofT. forsythia 16S
195 NC_01661016SrRNA rRNA gene (QRT-PCR)
Amplify fragment of P. gingivalis hmuY

HYq4_F GCTTCGAAATACGAAACGTG 119 pGA7 RSO205HMUY gene (GQRT-PCR) (Gmiterad al., 2013)

HYg4 R TATATCCGTCTGTCGGAACG
Amplify fragment ofP. gingivalis 16S
16SrRNA-F CTTGAGTTCAGTGGCGGCAG 378 PGA7_RS092906SrRNA  rRNA gene (QRT-PCR) (Gmiterek al.,

16SrRNA-R AGGGAAGACGGTTTTCACCA 2013)
FHmuY_EAV CGTCCATGGAAGCAGTAACC Amplify DNA sequence encoding HmuY
AAAACCGTAAC 546 PGA7 RS0205%muY rotein lacking 34 N-terminal amino-acid
tmuy Eay  AGTCTCGAGTTATTTAACGGG -~ fesi s 9
- GTATGTATAAGTGAAAG

Sequences recognized and cleaved by restrictioynexare underlined.

Gmiterek, A., Wojtowicz, H., Mackiewicz, P., Radw@tzko, M., Kantorowicz, M., Chomyszyn-Gajewska,, Mraszczak M, Bielecki M,
Olczak M, Olczak T (2013) The unighenuY gene sequence as a specific markd?apphyromonas gingivalis infection.PLoS One 8(7):e67719



Supplementary Table S2ata collection and refinement statistics.

Apo-HmuY Apo-Tfo Apo-Tfo-r

Data collection
Temperature 100 100 273
Source 103 Diamond 102 Diamond BARKLA
Space group P2, P3:2; P3:2;
Cell dimensions

a b, c(A) 59.33, 42.95, 95.08 68.05, 68.@0,22 68.30 68.30 94.07

o, By () 90, 107.87, 90 90, 90, 120 90, 90, 120
Resolution (A) 90.9-1.40 (1.42-1.40)*  49-1.47 (L.B7)* 30-2.55 (2.64-2.55)*
Rsym OF Rmerge 0.014 (0.520) 0.033(2.1) 0.072 (0.96)
Roim 0.01 (0.43) 0.011 (0.76) 0.028 (0.42)
| /ol 5.9 (2.5) 30.2(1.2) 24.0 (2.1)
CChalf 0.98 (0.68) 1(0.6)
Completeness (%) 100.0 (74.0) 100 (99.9) 100 (99.8)
Redundancy 4.3 (3.5) 9.4 (9.4) 7.3 (5.9)
Refinement
Resolution (A) 45.2 4 -1.40 49.34 - 1.47
No. reflections 82229 39662
Rwork / Riree” 0.131/0.171 0.184/0.219
No. atoms

Protein 2980 1566

Water 748 236

S04 ions 15

Glycerol 30
B-factors

Protein 135 31.1

Water 314 40.5
R.m.s. deviations

Bond lengths (A) 0.015 0.012

Bond angles’y  1.656 1.502
PDB code 6EWM 6EU8

#Rmerge= Y |li - Iml/Xli, where {is the intensity of the measured reflection apdsithe mean
intensity of all symmetry related reflections.

b Reryst = Z||Fobd - |Rad|Z|Fond, Where Bys and Eac are observed and calculated structure
factors.

Riree = XZ1||Fond - |Rad|ZT|Fobd, Where T is a test data set of about 5% of thed teflections
randomly chosen and set aside prior to refinement.

*Numbers in parentheses represent the value fanititeest resolution shell.
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Supplementary Figure S1 The phylogenetic tree obtained in MrBayes for the HmuY
homologs from all phyla. Main bacterial lineages are marked in different colors. Eleven main
groups can be recognized in the phylogenetic tree. Three big groups (G1, G3 and G5) are
dominated by Bacteroidetes sequences representing various classes of this phylum:
Bacteroidia, Chitinophagia, Cytophagia, Flavobacteriia, Saprospiria and Sphingobacteriia. P.
gingivalis HmuY and T. forsythia Tfo are placed within the G3 clade among other Bacteroidia
sequences. Groups G9 and G10 include almost exclusively Proteobacteria representatives and
are placed close to group G11 including Euryarchaeota sequences and one a-proteobacterium.
A monophyletic group is G7, which contains representatives of Spirochaetes. Potential
horizontal gene transfers occurred likely from Euryarchaeota to a Rhizobiales bacterium
(G11), from Oo-Proteobacteria to two Spirochaeta species (GS8), from Bacteroidetes to
cyanobacterium Lyngbya confervoides (G6) and cyanobacterium Hassallia byssoidea (GS5) as
well as from Bacteroidetes to a Verrucomicrobia bacterium, an Euryarchaeota archaeon and a
y-proteobacterium (G1). In these cases one or few sequences from one phylum are
significantly clustered within many sequences of the other distantly related phylum. The full
tree with support values obtained by various methods is presented in Supplementary Figure

S2.



Supplementary Figure S2. The full phylogenetic tree (cladogram) obtained in MrBayes for
the HmuY homologs from all phyla. Main bacterial lineages are marked in different colors.
The values at nodes indicate in the following order: posterior probabilities found in MrBayes
as well as support values calculated by approximate likelihood-ratio test (aLRT) based on a
Shimodaira-Hasegawa-like procedure and non-parametric bootstrap calculated both in
(more)PhyML and IQ-TREE. The posterior probabilities < 0.5 and the percentages < 50% are
omitted or indicated by a dash “-*.



Supplementary Figure S3 The full phylogenetic tree (cladogram) obtained in MrBayes for
the HmuY homologs in Bacteroidia. Main Bacteroidia classes are marked in different colors.
The values at nodes indicate in the following order: posterior probabilities found in MrBayes
and PhyloBayes as well as support values calculated by approximate likelithood-ratio test
(aLRT) based on a Shimodaira-Hasegawa-like procedure and non-parametric bootstrap
calculated both in (more)PhyML and IQ-TREE. The posterior probabilities < 0.5 and the
percentages < 50% are omitted or indicated by a dash “-*.
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Tf _HMuR_I MKSFLGNI LFLLLLTVPSGTVFAEDEEL EVGRYTVKGI VVDENGDPLPGASVW/VGATI G
Tf _HwR_ || - - - MKRTVTLLFLVLCSMSSLYATEI GAADRDY! | KGTVKNRQDEPI PYATVMWTGINI G
. .
HMWR A7436 --------mmmmmm oo LI GLLFFSI SI YSHAANPPAQPTDTI - VSGNI ALED
Tf _HhuR_| AGTNANGEFAI RLNEGREYTLRVSFTGYI PEEVKVN- - - RQTGAQPLHVI LKPAENELNE
Tf _HwR_ || MAANVEGKFQ KLNRG- NYKLRI SCTGYEPRTVEVD- - - AVK- EPELDI VLDEAKNNLTE
HR_A7436 | VWWTGSRTARLLKDVPVPTKVFKAKDI KAl APSSFI DVLQYI LPG EFTKJGS- - - RDQL
Tf _HhuR_| VWTGARI ARPLKEVPVLTRVI SQKDI QALNPMSI ETLLQYELPGLQ TYN- SMSRVPQL
Tf _HmR_I'| WVTGI' RSEKM_KDEPVVTR’VI TAEDI KKI DPQDFKSLLEYELPGLHFDGAA'(EGLPAI
HMR_A7436 NAQGFDESSI LFLVDGELI S- TGSTSG DFERI NPDDI ERI EVLRGASSAL YGSNAI GGV
Tf _HmuR_I KYQGVDGEYM_FLI DGERVSGEGADHNVDFTRFNVDEI ERI EFI RGSQSTVYGSNAL GGV
Tf _HmR_I'| SFQGVDSRYLLFLI DGERI AGEGALDNVDFSRLNVDNI ERI El VKSAMSTL YGSNAL GGV
. **. :*** * % % s : .:** * * k. *****.::.: *::***** * % %
HMR_A7436 I NI' I TRTAKDPFRVSASARYDSRDGOKYDVAAGVKRG FTSQSGVQYRADKSY! LADQF-
Tf _HTuR_I I NI' I TKKANRPFI GNI HARYAGTNGOKYTVSAGTKKDRFSSLTNI TFRTRDTYSVGDKNG
Tf _HmR_I'I I'NI TKKANRPFVGI'VSTRLTSRKDRKYTVSLGI' RQEKFSSLTTASFSRRDPFTFEERKP
* % %k % * * . * % - kK * * . .
HMWR A7436 -------------mmm--- EQELNVAGNTTWNI NQKFTI SPTENL SFNL TGLVNLRKQHW
Tf _HTuR_I KTLKI VNPDGTAKDSI - LKAESTTVYGYKVWDASQKFGYAFTDKL SADL RGSFYHNARDI
Tf _HwR_ || TKRLYELPDGRDSI G/NPKLGKYNNRGYETFSI AQKLGY DFTDKLNAELNGSFYQ\JKLLY
. ok .
HMR_A7436 - - TDKI DFLYNSYDVKAGANVRI SETSDLDVSYHYDKYSRDTCLI KTENQKKLPI FDEDM
Tf _HhuR_| PEGGKI QDI FVDYAFNTKVNYVFRDDRRLI VSYNYDNYKKDKDFF- EAKF- KRTDYRNRT
Tf _HwR_ || VKEGKI SERFRDFTFGGKVNYI FNENSRLDLSYHYDNYFKDDVDSADHHK- TKI RYRDI L
HR_A7436 HHL RAQYNLNLAEVHL LNVGLEYI HDNVASPRL SSPNDPGEKSVNNKI LYGQYI YKVTPK
Tf _HhuR_| QVLRADYSGT Y- GDHTVSI GSEGFFEYLKHYM - - MKDSADARNENYAFYMEDVKPFSS
Tf _HTR_I'I NNVRLNYSLLLAERHSL TVGSEVNAEKL RTNWY - - FKDTTANSI TNYVLYVQDDYRI TDR
HR_A7436 LVL SYGGRLDKHSGFGL YYTSRL SAMYKCS- HVTNRL SYAEGYRAPSL QEMYFFFNJIGA-
Tf _HTuR_I LNVI VGVRADYHRKYHWHVTPKVSAMYRPAKTI TLRAGYSQGFRSPSLKEL YQEYDMGGL
Tf _HmR_I'I LSLVGG| RNDYHSLYKVHVSPKLSAMYKVG NVTLRGGYAAG:RSPSNKELYGEFS.GC-}
. * % % % : : : s * % % * . : . * : * * * %k - s * * .
HR_A7436 - - FFI YGNPDLKPEKSRMLSYSABAHWAKL TLMGNVFFNHVRNRI DFTY- - - - - - - - KGT
Tf _HTuR_I GFLMLYGNPDL KPETSHQFSL SABYTQGGFNASVSTSHNRFHNKI TYKE- - - - - KNKNAA
Tf _HwR || - MFKI YGSTDLKPETSHHVSL S AG FNI SATGYYNWFNKRI AMQORI SENKKCKYP
. :** ****** .* *.* . . . .*..::* :
HMR_A7436 DLI YTNVSKEMRI FGFEGQANVVL PYGFGFRASYSYTYDRWKATDKAGTEMKLSNTRPHA
Tf _HTuR_I EVIQYTNA- EHARTTSVEAI VQVRVDFGAL TMIGSYAYVNDYEQVNGK- - - - - NTSSVRPHS
Tf _HwR_ || DFVYVNA— DSAKTYGADI NNQ RLPFDLTLKGT YSYVYDDTKI KGR ----- RSSYVRPHT
. . * * * * * ok k-
HMTR_A7436 ATATLSYGHNFSKNYRLASNFSTRFLSDLKTG- - - RMNSDELFEEI TYPGYTI CRLDI EN
Tf _HhuR_| VTFHAVYSRKFGKI - GTNLALNGOWASQLSTYRFSKDG- - - THRSVTYDARTLCSLNAGA
Tf _HwR_ || AVMQAEYSRKFGNC- RATL GLNGCRWWEGVDYWATSYVSKKRVFTKLELNDYM WKLNASC
HR_A7436 HFYRNYTLHI GAENLFDYKPKALAFNSP- TSPGRI | YGLVRI TF- - - - - -
Tf _HhuR_| TMPKGVSVNVG DNLFNYCQDKAADSSLQLPQKG SLI GTVNI NLADMFGL

Tf _HmR_I'I RFPKC-NT LNI G DNLFNTKDDNFSDLYAI FSRGI'EFVANLSVNI AEL| &K

Kok ok ok

Supplementary Figure S4 Amino-acid sequence alignment of TonB-dependentreut
membrane receptors. Proteins encodeH. igingivalis hmu (HmuR_A7436) and.. forsythia
hmu-like (Tf_HmuR_I and Tf HmuR_Il) operons are show@onserved histidine (H),
glutamic acid (E) residues and FRAP, NPNL motifesent in classical TonB-dependent
receptors transporting heme are marked in red ] kespectively.
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Porphyromonas gingivalis HmuY

EVITGKKNAQGFASGGWLEFSBGPAGPTYKLSKRVFFVRGADGNIAKVQFTDYQDAELKKGVITFTYTYPVK

Supplementary Figure S5 Selected sequence regions that were conserved in HmuY

homologs. The consensus sequences of eleven main groups indicated in Fig. S1 are presented
as sequence logos generated at the http://weblogo.berkeley.edu/logo.cgi. The parts of P.

gingivalis HmuY sequence corresponding to these conserved regions are marked by different

colors and histidine residues binding heme are circled out.
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Supplementary Figure S60ligomer formation examined by cross-linking anayand size
exclusion chromatography of apo- and holo-formdPofjingivalis HmuY andT. forsythia
Tfo. (A) Cross linking of proteins in apo- and holo-formaswcarried out using 1%
formaldehyde (F) or 0.1% glutaraldehyde (G) for ati87C. (B) Analytical size-exclusion
chromatography was carried out under air (oxidiziback solid and dashed lines) and
reducing (addition of sodium dithionite; red linepnditions. Samples of HmuY and Tfo
(~0.22 mg; 10Qul) in PBS or 200 mM Tris-HCI, containing 140 mM Na@H 8 (under
oxidizing or reducing conditions, respectively) weapplied in apo- or holo-form onto a
Superdex 75 Increase 10/300 GL (GE-Healthcare) BraaeoSEC 11/30 3-70 HR column
(Protein Ark), respectively, connected to AKTA PUWELC system (GE Healthcare). To
analyze the oligomeric state of proteins under caduconditions, 30 mM sodium dithionite
was added to the separating buffer. Chromatograyds/ carried out with 0.8 ml/min flow
rate. Both columns were calibrated using Gel Rittra Markers Kit for Protein Molecular

Weights 6,500-66,000 Da (Sigma-Aldrich).
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Supplementary Figure 7Heme extraction from hemopexin-heme complexXPbgingivalis
HmuY. SDS-PAGE showing formation of the HmuY-henoenplex following incubation of
apo-HmuY and human hemopexin-heme complex (HHPxhmwvn. Gel was stained with
tetramethylbenzidine-#D, (TMB) to reveal the presence of heme and courstiewst for
proteins with Coomassie Brilliant Blue R-250 (CBB).
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Supplementary Figure S8Heme sequestration from forsythia Tfo-Fe(lll)heme complex
(holo-Tfo) by P. gingivalis apo-HmuY. Holo-Tfo (10puM) was incubated under air
(oxidizing) conditions with equimolar concentratioh apo-HmuY at pH 7.§A) or 6 (B).
Changes in absorption spectra analyzed by UV-wésd#iglectroscopy are shown at indicated
time points.



His134

Supplementary Figure S9Molecular dynamics of HmuY after removal of henteup from
3H8T.PDB. The apo-HmuY crystal structure (yellon§ compared to the molecular
simulation (MD) after 8 ns (red). The opening ugtaf heme-binding pocket by ~16 A that is
observed in the apo-crystal structure (Begure 10 in the manuscript), which is due largely
to movement of the loop containing His166, is rejpced by the MD.





