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Supplemental materials and methods

1. Clone library analysis

DNA was extracted from sludge sample with FastDNATM 2 mL SPIN Kit for Soil (MP Biomedicals, USA).
16s rRNA gene was amplified from total DNA (forward primer 5'-RCATGCAAGTCGAACGWG-3’ and
reverse primer 1492R: — 5’-ACCTTGTTACGACTT-3’) with Taqg DNA polymerase using the following PCR
condition: 5 min initial denaturation at 94°C, 25 cycles of 1 min at 94 °C, primer annealing for 1 min at
50°C and 70s at 72°C. Final extension was carried out for 4 min at 72°C. The PCR products were checked
on a 1% electrophoresis agarose gel and cloned by using the TOPO TA cloning system. For each sample,
30 colonies were picked and purified for Sanger sequencing. Full length sequences were compared
with similar sequences of references species by BLASTN search and grouped into same OTU based on
highest percentage similarity. The sequences were checked for chimeric artefacts by decipher online
tool (http://decipher.cee.wisc.edu/FindChimeras.html). Sequences were aligned by SINA online tool
(https://www.arb-silva.de/).

2. Fluorescent In Situ Hybridization (FISH)

Fluorescent In Situ Hybridization (FISH) was performed as described by Johnson et al (2009). Before
fixation, the granules were homogenized using a potter homogenizer. The following FISH probes were
applied: EUB338 (Amann et al., 1990) to target all bacteria, Amx820 (Schmid et al., 2001) to target
“Candidatus (Ca.) Brocadia” and “Ca. Kuenenia” species, Kst157 (Schmid et al., 2001) to target “Ca.
Kuenenia stuttgartiensis” and Bfu613 (Kartal et al., 2008) to target “Ca. Brocadia fulgida”. The
TestProbe tool from SILVA (https://www.arb-silva.de/search/testprobe/) confirmed that Bfu613 can
also target with “Ca. Brocadia sp.40”, that is renamed to “Ca. Brocadia Sapporoensis”. Details on
oligonucleotide probes are available at probeBase (Greuter et al., 2016).
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3. Parameters database searches

PEAKS Studio 8.5 analysis using a bacteria-wide sequence database (Bacteria proteome collection,
downloaded from UniprotKB, containing 61994821 Protein sequences, unreviewed and reviewed).

Database search was performed using the following parameters: Parent Mass Error Tolerance: 10 ppm,
Fragment Mass Error Tolerance: 0.5 Da, Precursor Mass Search Type: monoisotopic, Enzyme: Trypsin,
Max Missed Cleavages: 1, Non-specific Cleavage: none, Fixed Modifications: Carbamido-methylation,
Variable Modifications: Oxidation, Max Variable PTM Per Peptide: 1, FDR Estimation: Enabled,
Precursor Options: corrected, Charge Options: no correction. Peptide -10IgP threshold was set to
242.2, Peptide Ascore 20, Protein -10IgP >40, De novo ALC Score 280%. This resulted in identifications
with a FDR (Peptide-Spectrum Matches) 0.0%, FDR (Peptide Sequences) 0.0%, FDR (Protein) 1.9%.

PEAKS Studio 8.5 analysis using a Candidatus Brocadia protein focused database (containing 16631
Protein sequences and the retracted WP_070066018.1, unreviewed and reviewed).

Database search was performed using the following parameters: Parent Mass Error Tolerance: 10 ppm,
Fragment Mass Error Tolerance: 0.5 Da, Precursor Mass Search Type: monoisotopic, Enzyme: Trypsin,
Max Missed Cleavages: 1, Non-specific Cleavage: one, Fixed Modifications: Carbamido-methylation,
Variable Modifications: Oxidation and Deamidation, Max Variable PTM Per Peptide: 1, FDR Estimation:
Enabled, Precursor Options: corrected, Charge Options: no correction. Peptide -10IgP threshold was
set to 237.1, Peptide Ascore 20, Protein -10IgP 240 with 1 unique peptide min, De novo ALC Score
>80%. This resulted in identifications with a FDR (Peptide-Spectrum Matches) 0.0%, FDR (Peptide
Sequences) 0.0%, FDR (Protein) 0.0%.

Xltandem (release ALANINE, The GPM) was used as confirmatory database search engine using the
following parameters: Reversed sequences yes, Check parent ions for charges 1, 2 & 3 yes, Protein
entries with a peptide log(e) < -3 and protein log(e) < -5, Fragment mass error of 0.5 and +/-10 ppm
parent ion mass error (LTQ-Orbitrap), isotope error yes, Fragment type, monoisotopic, Parent mass
detection no, max parent charge: 4, minimum parent M+H= 500 Da, Minimum fragment ion = 150 Da,
Total peaks: 50, minimum peaks 15, Fragment types: b/y ions, Fixed modification: Carbamidomethyl,
Variable modification none, refinement no, Cleavage site Trypsin, Missed cleavage sites allowed 1,
Semi-cleavage was used optional, Glycan mass was included optionally into database searches.
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Supplemental figures

Figure S1. Fluorescent In Situ Hybridization (FISH) was performed as described by Johnson et al (2009).

Before fixation, the granules were homogenized using a potter homogenizer. The following FISH
probes were applied: EUB338 (Amann et al., 1990) to target all bacteria, Amx820 (Schmid et al., 2001)
to target “Candidatus (Ca.) Brocadia” and “Ca. Kuenenia” species, Bfu613 (Kartal et al., 2008) to target
“Ca. Brocadia fulgida” and Kst157 (Schmid et al., 2001) to target “Ca. Kuenenia stuttgartiensis”. Details
on oligonucleotide probes are available at probeBase (Greuter et al., 2016). FISH results were positive
for EUB (Blue), AMX820 (green) and BFU613 (red), and negative for: Kst157 and Amx1015. The BFU613
was designed for hybridization with “Ca. Brocadia fulgida”. The TestProbe tool from SILVA
(https://www.arb-silva.de/search/testprobe/) shows that this probe can also hybridize with “Ca.
Brocadia sp.40”.
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Alignments

hypothetical protein [Candidatus Brocadia sapporoensis]

Sequence |ID: WP_070066018.1 Length: 498 Number of Matches: 2
Range 1: 9 to 497

Score Expect Method Identities Positives Gaps Frame
659 bits(1701) 0.0() Compositional matrix adjust. 351/489(72%) 389/489(79%) 34/489(6%)
Features:

]
9]

Figure S2. Alignment of WP_070066018.1 and WP_070066019.1 using the BLAST tool of NCBI.
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Figure S3. Printscreen of the results of the Interpro protein sequence analysis of WP_07006018.1.
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Figure S4. Printscreen of the results of the Interpro protein sequence analysis of S-layer “Ca. Kuenenia
stuttgartiensis” (S0S03803).
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>WP_070066018.1 hypothetical protein [Candidatus Brocadia sapporoensis]
MRKKOMGVMICATIFFSLAVMISQASAWNILTLDETGDVGQFGAITTGTSGASYISYYDNTNEDLKYATNT
SGTWTTQTLDNTGNVGREFTSIDVGTSGALYISYYDVTSEDLKYATNVSGTWTYATVNSNNQVGREFSGIKV
GTSGAAYISFYYDTAFDLRYATNVSGLWVVTTNVDTAGSVGQYTSIVVGTSGASYISYYDDTNTDLKYAT
DATGTWTTETLDSTGKVGQYTSIAMGTSGALY ISYYDETNGNLKLATNIAGTWTTGTVDSTGNVGQYTST
AVGTSGALYISYYDFDNKDLRYATNASGTWTITETVDSDDDVGQFSSISVGLSGDVNISYYDDTNKNLKYA
FKSETGVPPTPTPTATPTPGTPTPTPTSTATPTPGTPTPTPSPTPVPCNAKKLNVKPKSLKLSQGEDTEK
TVILTCKDGFPSVNQPVKAKTIVSGKKEVIVSPAEAYTDEDGQATFTITATEKKGTAVVRFKHKNLVGDVT
VKVKKATE

>S0H03803.1 S-layer protein [Candidatus Kuenenia stuttgartiensis]
MKRPGLNLKGNWLSMAGVLFLMLATVMGVASNAKAATGSFDRDRYLPEKAGGNDYDRAWI SVTDSSGNTT
SSPDTITVIVRAGVDDATSFILLETGNTSTVFTTTGTVQPNYRAL.GTTSGYVEDLAGSYWYSVLGNSIVG
LDLRLNAANTIGGNAQSATSGDLKVAEGSTLELLYGGSTLDTATVGFNSGSISSSPSSVTSVEGLPSNGNI
ILSISDPDENLNPVVRDVIGFYDGFTTGDTRGTASSMVQISAVDQSSDTGDTLSLGGTSIVARHIMLVET
GNNTGVFTASGYVYGTTTTVAASDLVGNLKVGSSSESYYQGODITLGAGTVSCTFRIVEANANGGIALIY
NGTSTETYGTVSVVFDATSAPRADVGASLVAFGTSSLSLGDTQTGHKVVCYGTQTSTGYAVSAWGLPSSS
SNYAATGSKLVKIMDGSSYCLIAVSSFSTPNDSAGLGTEGDIIANSGYGSVSVVFDGFRLVGPRDGDTLK
VSYLDLLKSNGQAGTVSANISFGIAGKTGELSVDKTTVDINDFLTVTVIDDNLNTSSSTSQSVGEDSWNG
TTTAERGDRLKVAAYSSGSGEGVGNALSLSFKDGTSVGTSSATRVSNTDNSLVWITPKDPSSGYIGTPGT
RSSSAGSATFTLGTQSVDTNALMKGASSAAKSFLSSATTSSFVATLDGLGDTVEISPDGTRWIATIPVTET
GANSATFVGTVGFDYTAARVTTDTTLTRTTAFSDSTDYTTITFANSEFNSTNRLDSFIGTGSVVRVRDDF
SQEFQEVVSVAGSTMVVTKLASSTSFTPYKTWIQVIGNDMTTAREDTLSNGAKVFRIGGFFGATYRIRYN
DAKDADGNYKAGDTLAATASDVGFQTYDGELSTNVSGTIGPNQYVVVTLVDEDLNTSTSSKQTTSEPDRT
ESGTRYVTFYNENGLGNPVGSSTSNAPDGLFKNGFTAKVLYASKL.SNVLSSSVDQSSNTIDFKLEETAVN
SGTFKGSFQLSSSSSTLNSSDRLOVSSGDSIYVHYNDSPSATAEDNSTNYRVVGPLSIETSIGSLLLSKA
KAYLSGDTVVVSVVDDDONTTSGODTLTDKLKIEGSNYSTGGALTLDLVESGNTSGTFLATFTTGTETVE
TSANLGKVKAQEGGVVTVTYTDSSPSNTTVTETLSFGSYDATTEFNADSYGLGTYAIVTLADAERNTSHT
GTETLLDDVFIQTSSVNSTKMRLVETGNDTGTEFVGSILVTSSGATTEFNQIQGAEGETLTVTYSDTINTT
SSTRTVITDTAATTAAVTPSPTPTPGVTPTPGITPTPGLTPTPSLIPGLGSVEGFVTDAATGDGIEGATVR
NOSGIYTDTTDADGEYSIANVEAGTRTFTAVALGYVPSAPTATVVTAGGTTNLDFALVASVQGTPITTPT
VTPPPTATLVVAVADGDGIPIAGATVITVDGQSGVITDASGGATFTLEAGDYEVSVSATDYLTSVVIVTVTP
PVTILPVTLEPKGPCPEPDEAVASAATVTPDSLSLTKGDSEDVIVLVTDEDGCPAQGVKVKRKLTSANKK
KIKVTPASETTDTSGQATFTVKAKKSKGKANVKEFAVKGVKDKPKVNVTLAK

Figure S5. The GT motif highlighted in the sequences of the best matched protein and in the S-layer
protein of “Ca. Kuenenia stuttgartiensis”.
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Protein

GenPept
This record is a non-redundant protein sequence. Please read more here.

hypothetical protein [Candidatus Brocadia sapporoensis]
NCBI Reference Sequence: WP_070066018.1
Record removed. This protein record was suppressed because it is no longer annotated on any genome

Identical Proteins FASTA  Graphics
Go to:
LOCUsS WP_070066018 498 aa linear BCT 11-JAN-2018

DEFINITION hypothetical protein [Candidatus Brocadia sapporoensis].
RCCESSION WP 070066018

VERSION Wp_070066018.1

KEYWORDS RefSeq.

SOURCE Candidatus Brocadia sapporoensis
ORGANISM Candidatus Brocadia sapporoensi

Bacteria; Planctomycetes; Planctomycetia; Candidatus Brocadiales;
Candidatus Brocadiaceae; Candidatus Brocadia.

COMMENT REFSEQ: This record represents a single, non-redundant, protein
sequence which may be annotated on many different RefSeq genomes
from the same, or different, species.

COMPLETENESS: full length.
FEATURES Location/Qualifiers
source 1..498
/organism="Candidatus Brocadia sapporoensis"
/db_xref="taxon:392

Protein 1..498
/product="hypothetical protein"
/calculated mol wt=52861

ORIGIN

—

mrkkgmgvmi caiffslavm isgasawnil tldetgdvgg fgaittgtsg asyisyydnt
61 nedlkyatni sgtwttgtld ntgnvgrfts idvgtsgaly isyydvtsed lkyatnvsgt
121 wtyaivnsnn gvgrfsgikv gtsgaayisf yydtafdlry atnvsglwvv ttnvdtagsv
181 ggytsivvgt sgasyisyyd dtntdlkyat datgtwttet ldstgkvggy tsiamgtsga
241 lyisyydetn gnlklatnia gtwttgtvds tgnvgqytsi avgtsgalyi syydfdnkdl
301 ryatnasgtw ttetvdsddd vggfssisvg lsgdvnisyy ddtnknlkya fksetgvppt
361 ptptatptpg tptptptsta tptpgtptpt psptpvpena kklnvkpksl klsggedtek
421 tviltckdgf psvngpvkak ivsgkkfvtv spaeaytded ggatftitat ekkgtavwrf
481 khknlvgdvt wvkvkkate

17

lhypothetical protein [Candidatus Brocadia sapporoensis] - Protein - NCBI https://www.ncbi.nlm.nih.gov/protein/WP_070066018.1?report=genpept|

Figure S6. Best matched protein (WP_070066018.1). Printscreen of the information of the protein in

the NCBI database (https://www.ncbi.nlm.nih.gov/protein/WP 070066018.1?report=fasta).
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Figure S7. In-gel trypsin digestion and site-specific glycopeptide analysis. Analysis at higher collision

energy using a Q-TOF mass spectrometer provides a more complete sequence assignment for both

peptide backbone and O-glycan
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Select: All None Selected:0

11 Alignments O
Description s“:c?r’:e ;rgotile S;J:g vaIIEue Ident Accession
O hypothetical protein [Candidatus Brocadia sapporoensis 660 660 98% 00 72% WP _070066019.1
O hypothetical protein B6D34 02820 [Candidatus Brocadia sp. UTAMX1] 650 650 97% 0.0 72% 0QZ04487.1
O hypothetical protein A2Y09 06060 [Planctomycetes bacterium GWA2 39 15] 349 1076 96% 5e-108 47% OHB38428.1
O hypothetical protein A3J73 00345 [Planctomycetes bacterium RIFCSPHIGHO2 02 FULL 3 335 577 99% 1e-104 43% OHB86435.1
O hypothetical protein UZ01 01292 [Candidatus Brocadia sinica] 333 1219 76% 2e-103 56% KXK30623.1
O hypothetical protein [Candidatus Brocadia sinica 332 1220 76% 8e-103 56% WP 082059331.1
O hypothetical protein BROSI A0470 [Candidatus Brocadia sinica JPN1] 332 1219 76% 9e-103 56% GAN31966.1
O hypothetical protein B6D35 08465 [Candidatus Brocadia sp. UTAMX2 329 1846 76% 1e-101 56% 0QY99824.1
O hypothetical protein B6D34 09185 [Candidatus Brocadia sp. UTAMX1] 328 1384 75% 1e-101 54% 0QZ03019.1
O hypothetical protein [Candidatus Brocadia sapporoensis] 320 1966 73% 2e-98 54% WP 080325039.1
O hypothetical protein BROFUL 02012 [Candidatus Brocadia fulgida] 320 1823 76% 2e-98 55% KKO19281.1
O hypothetical protein A2Y09 02495 [Planctomycetes bacterium GWA2 39 15 314 314 70% 1e-97 49% OHB35490.1
O hypothetical protein AYP45 15535 [Candidatus Brocadia caroliniensis] 318 2802 77% 1e-97 54% 0QOP55314.1

Figure S8. Printscreen of the results of the BLAST search with sequence WP_070066018.1 with the
BLAST tool from NCBI. The protein was found in different “Ca. Brocadia” species with identities

between 54% and 72%.
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