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Supplementary Fig. 1. Alignment of YeeE/YedE family proteins. Amino acid sequences of PmpA and
PmpB from Serratia sp. (Ser39006_020715 and Ser39006_02071520) and Hyphomicrobium
denitrificans (Hden_0332 and Hden_0333), SoxT1A (Hden_0681) and SoxT1B (Hden_0699) from H.
denitrificans, YeeE (TsuA, b2013) from E. coli K12 and StYeeE (Spith_0734) from Spirochaeta
thermophila DSM 6578 were aligned with Clustal Omega (EMBL-EBI). Conserved cysteines are marked
in red. The secondary structure of StYeeE with loops LA to LD and a-helices H1 to H13 was taken from
Tanaka et al., 2020 . Helices 1, 3, 4, 6,7, 8, 10, 11 and 13 are membrane-spanning.
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Supplementary Fig. 2. Volcano plot of differentially expressed genes for the H. denitrificans AtsdA
reference strain in the absence versus the presence of thiosulfate. log2-fold change threshold =1,
Benjamini-Hochberg corrected p-value = 0.1.
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Supplementary Fig. 3. Transcript abundance changes of genes encoding PmpA and PmpB and
neighboring genes from Hyphomicrobium denitrificans AtsdA. Columns in gray show the reference
value for cells grown in the absence of thiosulfate, white columns apply to cells grown with 2 mM
thiosulfate. The experiment was conducted in duplicate, each time using mRNA preparations from two
different cultures. Adjusted p values were all below 0.05. prhd, periplasmic rhodanese-like domain-
containing sulfurtransferase with a CXXXCW motif, consistent with a possible role in redox cofactor
binding (IPR001763 and IPR022376); cyt d1, periplasmic protein with a cytochrome d1 heme domain
and a YVTN beta-propeller repeat (TIGR03866); pedF, cytochrome csso (TIGR04494), periplasmic
electron carrier; sbp3, extracellular substrate-binding protein family 3 (IPR001638). sox(YZ), Sox(YZ)
fusion protein (TIGR04557); soxH_rel PQQ1, encodes a potential Zn metallohydrolase of the same
family as the SoxH protein (TIGR04558) associated with thiosulfate oxidation 2. prhd, cyt d1, cyt ¢550,
sox(YZ), and soxH_rel PQQ1 show relationships by phylogenetic profiling and conserved gene
neighborhoods with transport systems for alcohols metabolized by PQQ-dependent enzymes (here
probably the enzyme encoded by exaA), that have a Cys-Cys motif (TIGR03075) for electron transfer
to csso family cytochromes.
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Supplementary Fig. 4. Growth of H. denitrificans reference and mutant strains on methanol. a.
Growth curves are compared for the reference strain H. denitrificans AtsdA (black filled circles) and
strains lacking gene soxT1B: H. denitrificans AtsdA AsoxT1B (black open diamonds), H. denitrificans
AtsdA AsoxT1B AsoxR (blue open diamonds) and H. denitrificans AtsdA AsoxT1B AshdrR (red open
diamonds). b. Growth curves are compared for the reference strain H. denitrificans AtsdA (black filled
circles) and strains lacking gene soxT1A: H. denitrificans AtsdA AsoxT1A (black open circles), H.
denitrificans AtsdA AsoxT1A AsoxR (blue open circles) and H. denitrificans AtsdA AsoxT1B AshdrR (red
open circles). Error bars indicating SD are too small to be visible for the determination of biomass.



0.2

0.02

Biomass [mg dry wt ml?]

Thiosulfate [mM]

Sulfite [mM]

Supplementary Fig. 5. Growth and thiosulfate consumption of H. denitrificans reference and mutant
strains lacking soxT1B. a. Growth curves on medium containing 2 mM thiosulfate. Error bars indicating
SD are too small to be visible for the determination of biomass. b. Thiosulfate consumption c. Sulfite
production. Symbols identifying strains: H. denitrificans AtsdA (black filled circles), H. denitrificans
AtsdA AsoxT1B (black open diamonds), H. denitrificans AtsdA AsoxT1B AsoxR (blue open diamonds)
and H. denitrificans AtsdA AsoxT1B AshdrR (red open diamonds). Precultures contained 2 mM
thiosulfate.
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Supplementary Fig. 6. Growth and thiosulfate consumption of H. denitrificans reference and mutant
strains lacking soxT1A. a. Growth curves on medium containing 2 mM thiosulfate. Error bars indicating
SD are too small to be visible for the determination of biomass. b. Thiosulfate consumption c. Sulfite
production. Symbols identifying strains: H. denitrificans AtsdA (black filled circles), H. denitrificans
AtsdA AsoxT1A (black open circles), H. denitrificans AtsdA AsoxT1A AsoxR (blue open circles) and H.
denitrificans AtsdA AsoxT1B AshdrR (red open diamonds).



Supplementary Table 1: Presence (1)/Absencence (0) of SoxT-type transporters, genes for other Sox proteins, and the transcriptional regulators SoxR and sHdrR among the sulfur-oxidizing prokaryotes with sHdr system
Taxonomy assignments are derived from the genome taxonomy database GTDE R214

Genome identifier Domain Phylum Class Order Family Genus Species SoxX  SoxY SoxZ SowA  SoxB  SoxC  SoxD  SoxTl SoxT2 SoxR sHdrR sHdr_Typel sHdr_Typell
GCA 0dEZ11i03 Bacteria Aridcbachzriots UBASsL RPOKDL JACOENDL JACOENDL JACTOSN03-5p0lEH 1105 ] o o ] o o a o o a i o i
GCA D02ESE11S Bactariy Artinotacteriom Agicimicrobiiy uaATTsS UEATTEL EMIEIEEINOT BME3EEINOZ-sD002E5E11S o o o o o o Q o o a 1 o 1
GCA 003120053 Bacteria Actinobacteriota Acdi microbiia Addimicrobisies Bog-733. Far-L35 Fermd33-5p0051 40555 a o o a o a a o a a ] o 1
GCA D031%E233 Bacteria Artinoacteriom Agicimicrokiis Acicimicrobisies Palsa-GBE Fen-&71 Fan-571-5p0031 38833 ] o o ] o o a o o a ] o i
GCA 003135733 Bacterin Actinooacteriom Adicimicrobiia Adcimicrobizies Bos-TE3 Bog-753 Bog-753-sp003 135753 0 (] o 0 o o 0 o o o o (] 1
GCA 003158025 Bactariy Artinoacteriom Agicimicrobiis Acicimicrobisies Faiss-6B2 Fen-571 Far-E71-sp0031 EE0ZS o o o o o o Q o o a ] o 1
GCA 003170873 Sacterin  Actinobacteriot Acidimicrobiia Addimicrobisles Bo=-T33 Fen-433 Ferrd33-5p003L TOS7TS o o o o o o a o o a o 1 o
GCA 003230433 Bacteria Actinobacteriota Acdi microbiia UBATTSS ZCAREIT SUA-21T SUS-217-5p005I30433 a o o a o a a o a a ] o 1
GCA D0EILITST Bactariy Artinoacteriom Agicimicrobiis Acicimicrobisies llumatoosctEracsse VIFMODL WFMODL-sp00E3 LTSS o o o o o o Q o o a ] o 1
GCA 013044323 Sacterin  Actinodacteriota Adidimicrobiia Addimicrobisles Adidimicrosiaceas JABEUNDL JABELNDL-5p01 3044325 [ o o [ o o a o o a 1 o 1
GCA 013131443 Bacteria Actinobacteriota Acdi microbiia UBATTSS UEATTEL BMZIEEINOT BMEIEEINOR-5n0 131 31445 a o o a o a a o a a 1 o 1
GCA 013422329 Bacteria Artinoacteriots A microbiis LBASTSS 503-133 SH3-138 504 2-138-5pi0d 348832 a o o a o a a o a a ] o 1
GCF DOOOZ32E3 Bacterin Artinotcteriots Acici microbiin Acigimicrobizies Ardimicroniacens Acigimicrobium Addimicrobium-ferToowicans Q o o Q o o Q o o ] o o 1
GCF 000743503 Bacterin Artinotacteriots Acici microbiis Acigimicrobisies Acdimicroniacess FaTimicroiurm Farmimicrobiurrradiciphilam Q o o Q o o ] o o ] 1 o 1
GCF 5001225€3 Bacteria Artinoacteriots A microbiis Acdimicrobisies Adidimicrobiacene Farrithrin Farmithrix-thermotolzrans 1] 1] o 1] o o a o o a i 1] i
GCA 002324873 Bacterin Actinooacteriom Actinomycetia Propécnibacterisies Momrdiidacaae UBA400L UBA200L-50002384553 0 (] o 0 o o 0 o o o o (] 1
GCA 003341283 Bacterin  Actinooacteriom Actinomycetia Sireptosporangisias  Streptosoorangiscems UBASSTE UBASETE-5D003391253 0 (] o 0 o o 0 o o o 1 1 o
GCA 004133209 Sacterin  Actinodacteriota Actinomycetia Nyobackerisies Mycooacherizceas Gordonia Gordoniz-sediminis [ o o [ o o a o o a 1 o 1
GCA 0LER010E] Bacteria Actinobacteriota Actinomycetia Mymbacherisies CADCTROL JACOOLOD JACODLOE-=pll E20 053 a o o a o a a o a a 1 o 1
GCF 000244593 Smcharia Artinonacteriots Actinomycetis Mymmbackerisies Foasdonnoandinrens Saccharomonsses Em TR DO -TAINE a o o a o a a o a a i o i
GCF ODOZ3EL53 Sacterin  Actinodacteriota Actinomycetia Nyobackerisies Mycooacherizceas Gordonia Gordonizrhizosphera [ o o [ o o a o o a o o 1
GCF 003347203 Sacterin  Actinobacteriot Actinomycetia Nyobackerisies Mycobacteriacens Mymobacterium Miymobacteriurrmonckasnse o o o o o o a o o a 1 o 1
GCF O061330E3 Bacteria Artinoacteriots Actinomycetis Mycobacterisies Psaudonocandiscess Amycolatopsis Amyoolatopsiz-alialitclerars a o o a o a a o a a i o 1
GCF 011751123 Bacteria Artinomacteriom Actinomycetia Mycobactzrisies Prouconocantiscene SACCOMCITCNOSDONM  SACCRITIMOnasDorm-amisasen 2] o o 2] o o 0 [ o 1] 1 o 1
GCF 012322523 Bactariy Artinoacteriom Actinomycetis Myobacterisies FoaconocaniscEse Amycoltonsiz Amyoolatopsiz-acicicursns o o o o o o Q o o 1] 1 o 1
GOA DOZ341200 Bactarin Aquiticots Aguiticas Acuificales Hydromenobaculsceze Hydromsnobaculum Hycrosenotecy laTrspO0 2581 -] o o -] o o a o o ] ] 1 o
GOA DO2E7E245 Sacterin  Aguificcts Apyificas Auificales Hydromsnobaculsceze  Hydrogenobaculum HydrogenooeclumespO02S7E0 [ ] 0 [ o a 0 o a a [ 1 o
GCA DO3E36L73 Bacterin  Aguificoms Aguificas Aguificales Aquiticacems UBALIDSE UBAL1096-5p003635173 0 1 1 1 1 o 0 o o o o 1 o
GCA DO3STEETI Bacterin  Aguificoms Aguificas Aguificales Aquificaceme Agquitex Aquiter-spO03STEETS 0 1 1 1 1 o 0 o o o o 1 o
GCA 005303273 Bacterin  Aguificots Aguificas Aguificales Aquificacens Thermocrinis Thermocrinis-sa00503853 o o o o o o a o o a o 1 o
GCA 0di0%L203 Bacheria Aguificots Aguificae Aryificales Aquificacens UBALIDGE UBA13105€-spdd 105450 a 1 1 i 1 a a o a a ] 1 o
GCA C41373043 Bacteria Aguificots Aguificae Anuificales AQuificacese Hydrogeniies Hydrozenivime-seolim & =] 1 1 1 1 o a o o a -] 1 o
GCA 011373433 Sacteria Anuificots Hguiticae Anuificales Aquificacens Thermocrinis Thermocrinis-ruber & a 1 1 1 1 o a o o a ] 1 o
GOA 043173433 Sacterin  Aguificota Agyificas Anuificales Aquificaceme Aquifien Aquifee-sp0d 3153473 o 1 1 1 1 o a o o o o 1 o
GOA 013173455 Sacterin  Aguificcts Apyificas Auificales Aquiticaczns Hydrogeniviga Hyerogenivige-spll 3153483 [ 1 1 1 1 a 0 o a a [ 1 o
GCA DL5457363 Bacterin  Aguificoes Aguificas Aguificales Aquiticacems SU2-TT SOL2-TT-5p0LJ4ETIE 0 (] o 0 o o 0 o o o o 1 o
GCA DL34E7409 Bacterin  Aguificoms Aguificas Aguificales Aquificaceme Agquitex Aquitex-spOL34E7403 0 (] o 0 o o 0 o o o o 1 o
GCA DL34ETELS Bacterin  Aguificots Aguificas Aguificales Aquificacens WRWFIL WPAFD1-5pO134E7ELS o 1 1 1 1 o a o o a o 1 o
GCA 019457230 Smcterin Anuiticots Aquificas Acuificales Aquiticacess Hydrogsnidnes HyrosenivirEs-sp0l E7E3T a 1 1 1 1 o a o o a ] 1 o
GCA 013350109 Bacterin  Aguificoms Aguificas Aguificales Aquificaceme Hydrogeninigs Hycrogenivinge-sp01 5450409 0 1 1 1 1 o 0 o o o o 1 o
GCA 013450149 Bacterin  Aguificots Aguificas Aguificales Aquificaceme Hydrogenidga Hydrogenivinge-sp0L 5430445 [ 1 1 1 1 o a o o a o 1 o
GCA 013430433 Bacteria Aguificots Aguificae Anuificales Aquificacens WFRIDL W01 -sp0d 3450133 a 1 1 i 1 a a o a a ] 1 o
GOA 015430219 Sncterin  Auificots Apyificas Arpificales Aquificaceme Hydrogeninigs Hyernseniige-spil S45024% o 1 1 1 1 o a o o o [ 1 o
GCA 013452149 Bacterin  Aguificoes Aguificas Aguificales Aquiticacene HydrogeniviTa Hydrog enivige-spil M4s2119 Q 1 1 1 1 o Q o o o o 1 o
GCA DLIGS1AE3 Bacterin Anuiticots Aguificae Anuificales Anuificacene Agquitex Aguitex-seoins B o 1 1 1 1 o Q o o o o 1 o
GCA CAETFIE08 Bacteria Aguificots Aguificae Aryificales Aquificacens UBALIDGE UBA1105E-sp003 5 34003 a 1 1 i 1 a a o a a ] 1 o
GCF 000005523 Bacterin  Aguificoes Aguificas Aguificales Aquiticacems Aquitex Aquitex-seoliins 0 1 1 1 1 o 0 o o o o 1 o
GCF DOOOZOTES Bacterin  Aguificoms Aguificas Aguificales HydromenooacuiscEms  HydrOEENODECURST  HyCrOSEnoosclmRpODOOIO Q o o Q o o Q o o o o 1 o
GCF O0OOZ3E03 Bacterin  Aguificots Aguificas Aguificales Aquificaceme Thermocrinis Thermocrinis-albus [ 1 1 1 1 o a o o a o 1 o
GCF 000213723 Bacterin  Aguificots Aguificas Aguificales Hydrosenobaculacese  Hydrogenobaculum  Hysrogsnobsculumesp0002137 o o o o o o a o o a o 1 o
GCF 0D0%13733 Smcharia Anuificots Amysficae Anuificalas Aguificscmms Tharmocninis Thermacriniz-rubar a i i i 1 a a o a a ] i o
GCF 000702423 Bacterin  Aguificots Aguificas Aguificales Aquificaceme Thermocrinis Thermocrinis-s000702423 [ 1 1 1 1 o a o o a o 1 o
GCF 003854003 Bacterin  Aguificots Aguificas Aguificales Aquificacens o 1 1 1 1 o a o o a o 1 o
GOF D11005173 Sacterin  Auificots Apyificas Arpificales Aquificaceme UBAL106E o 1 1 1 1 o a o o o [ 1 o
GCF 500142433 Bacterin  Aguificoes Aguificas Aguificales Aquiticacems Thermocrinis & 0 1 1 1 1 o 0 o o o o 1 o
GCF 500213633 Bacterin  Aguificoms Aguificas Aguificales Aquiticaceme Hydrogenobacter Q 1 1 1 1 o Q ] o o o 1 o
FCA DOSZ2EIAT Bactarin Eacteroidota Bactarcidia Chitinophazaies Smprocpirmcane MZ00T -] o o -] o o a o o ] 1 o 1
GCA D0B301233 Bacteria Bacternidotn Bactzroidia Chitinophaznles Seproopirscene BCDd ] o o ] o o a o o a ] o i
GCA DL5422453 Bacteria Becternidota Bactarcidia Cytnphazmies Cyciobactariacess SM2-113 Q o o Q o o 0 o o o 1 (] 1
GCA 013350173 Bacteria Becternidota Bacternidia Chitinophazaies SprpepirmcEme WFEIL WFI01-5p013450473 0 (] o 0 o o 0 o o o 1 (] 1
GCA 013430713 Sacteria Sacternidota Bacteroidia Chitinophazales Smprospiraceme 5141-43 5141-43-5p01 3450713 o o o o o o a o o a 1 o 1
GCA LETO3TES Bacteria Sacternidota Bactzroidis Chitinophazales Smprospirscese JADITTOL JADITTO1-5pld EROSTES a o o a o a a o a a i o 1
GOA 016711043 Bacteria Bacternidotn Bactzroidia Chitinophasmles SaprocpiracEze JADITTIL JADITTOL-5p0d 6711043 ] o o ] o o a o o a ] o i
GCA DLET13233 Sacteria Sacternidota Bacteroidia Chitinophazales Smprospiraceme ME00T ME00T-Sp0L ET 1525 o o o o o o a o o a o o 1
GCA D1E256353 Bacteria Sacternidota Bacteroidia Cytophagples Cydlobacterinceae ELE1E-1E5 ELE1E-185-5001 5265353 a o o a o a a o a a 1 o 1
GCF 000020323 Bactaria Bacternidota Chiorooin Chiorobinkes Chioroherpetonace s Chioroherpeton Chioroherpeton-thelessiam ] o o ] o o a o o a ] o i
GCA 003333233 Bacteria Bacternidota UBALIC3D UBAI003D UBALDIZD UBAL008D UBALDBI-p034 53533 Q o o Q o o Q o o ] (] o 1
GCA 02528443 Bactaris ‘C=igirichats Caisitrichia REG-13-44-5 Joaz o4z J042-zp003 8643 o o o o o o Q o o a ] 1 o
GCA DO3535773 Sacteria Calditrichota Caiitrichia Caiditrichales 1002 oo J004-5p003E86773 a o o a o a a o a a ] o 1
GCA 013112633 Bacterin Caigitrichot Ceicitrichia Caigitrichales 1004 IABFGFIL IABFSFIL-5pOL3112635 0 (] o 0 o o 0 o o o o (] 1
GCA 013130533 Bactariy Calditrichat Caisitrichia REG-13-44-5 Joaz JAADIDOL JAADIDO1-5p0131 3095 o o o o o o Q o o a ] o 1
GCA 013453333 Bacteria Calditrichota Caisitrichia REG-13-44-5 Joaz JAADIDOL JAADID-spO1I4EI TN a o o a o o a o o ] -] o 1
GCA 013453743 Bacteria Caiditrichota Caiditrichia Caiditrichales 1002 oo J004-500H 1051453 a o o a o a a o a a ] o 1
GCA Od3a52428 Bacteria Caiditrichots Caicitrichia RBG-13-44-5 Joax WGEBRL WGEFL 500194344285 a o o a o a a o a a ] 1 o
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Supplementary Table 2. mRNAseq analysis of H. denitrificans AtsdA, part 1. Genes with lower mRNA abundances in
thiosulfate containing medium in comparison to thiosulfate free medium.

Locus tag Fold log_fold

NCBI Annotation change change p_value adj_p_value
Hden_0086 group Il truncated hemoglobin 0.34 -1.54 1.36E-15 3.34E-14
Hden_0095 HPF/RaiA family ribosome-associated protein 0.31 -1.68 2.70E-65 1.79E-63
Hden_0096 zinc-dependent alcohol dehydrogenase family protein 0.31 -1.71 1.75E-104 1.56E-102
Hden_0097 flavin reductase family protein 0.32 -1.65 3.84E-44 1.85E-42
Hden_0099 PAS domain-containing protein 0.47 -1.07 7.24E-14 1.60E-12
Hden_0138 hypothetical protein 0.46 -1.12 2.13E-03 9.53E-03
Hden_0432 hypothetical protein 0.35 -1.51 7.50E-02 1.72E-01
Hden_0554 beta-ketoacyl-ACP synthase 0.39 -1.37 8.25E-14 1.81E-12
Hden_0555 beta-ketoacyl-ACP synthase 0.38 -1.39 1.84E-28 6.70E-27
Hden_0556 zinc-binding dehydrogenase 0.37 -1.44 1.58E-36 7.02E-35
Hden_0557 beta-ketoacyl-ACP synthase 0.44 -1.47 9.49E-28 3.38E-26
Hden_0558 beta-ketoacyl-ACP synthase 0.38 -1.39 2.03E-53 1.12E-51
Hden_0559 beta-hydroxyacyl-ACP dehydratase 0.34 -1.54 1.21E-70 8.68E-69
Hden_0560 acyl carrier protein 0.31 -1.70  1.88E-119 1.92E-117
Hden_0561 SDR family oxidoreductase 0.28 -1.82  4.85E-128 5.29E-126
Hden_0562 HAD-IIIC family phosphatase 0.39 -1.36 1.22E-83 9.35E-82
Hden_0567 U32 family peptidase 0.49 -1.02 5.71E-09 8.10E-08
Hden_0568 U32 family peptidase 047 -1.08 9.51E-07 9.79E-06
Hden_0570 cyclic nucleotide-binding domain-containing protein 0.39 -1.35 3.58E-44 1.76E-42
Hden_0572 hypothetical protein 0.35 -1.53 5.98E-20 1.73E-18
Hden_0573 4Fe-4S binding protein 0.49 -1.03 2.07E-26 7.21E-25
Hden_0574 cupredoxin domain-containing protein 0.38 -1.38 3.70E-47 1.92E-45
Hden_0575 iron transporter 0.37 -1.44 6.51E-99 5.50E-97
Hden_0576 oxygen-independent coproporphyrinogen Ill oxidase 0.32 -1.62 1.38E-97 1.13E-95
Hden_0581 cytochrome ¢ 0.36 -147 1.69E-18 4 68E-17
Hden_0589 hypothetical protein 0.44 147 1.49E-10 2.47E-09
Hden_0590 NnrS family protein 0.50 -1.01 1.98E-05 1.55E-04
Hden_0591 copper-containing nitrite reductase 0.39 -1.37 1.02E-53 5.92E-52
Hden_0592 host attachment family protein 0.40 -1.31 1.26E-30 4.91E-29
Hden_0595 helix-turn-helix domain-containing protein 0.38 -1.38 2.00E-99 1.73E-97
Hden_0925 MFS transporter 0.40 -1.34 2.23E-59 1.37E-57
Hden_0976 gamma-glutamyl-gamma-aminobutyrate hydrolase family protein 0.44 -1.47 1.44E-39 6.59E-38
Hden_1046 GTP-binding protein 0.16 260  4.68E-289 1.13E-286
Hden_1047 sulfate adenylyltransferase subunit CysD 0.35 -1.51 1.81E-70 1.25E-68
Hden_1055 hypothetical protein 0.44 -1.19 2.16E-44 1.09E-42

NADPH-dependent assimilatory sulfite reductase hemoprotein

Hden_1491 subunit 0.32 -1.63  7.95E-122 8.40E-120
Hden_1773 radical SAM protein 0.50 -1.01 5.37E-13 1.10E-11
Hden_1841 universal stress protein 0.48 -1.06 4.24E-33 1.77E-31
Hden_2047 cytochrome-c oxidase 2C cbb3-type subunit Il 0.46 -1.14 1.05E-53 6.03E-52
Hden_2048 cbb3-type cytochrome ¢ oxidase subunit 3 0.43 -1.21 4.63E-41 2.14E-39
Hden_2049 cytochrome-c oxidase 2C cbb3-type subunit Il 0.45 -1.14 1.21E-67 8.15E-66
Hden_2050 cytochrome-c oxidase%2C cbb3-type subunit | 0.42 -1.26 3.47E-78 2.61E-76
Hden_2136 DHA2 family efflux MFS transporter permease subunit 0.41 -1.29 1.26E-23 3.97E-22
Hden_2177 Crp/Fnr family transcriptional regulator 0.46 -1.12 1.21E-47 6.37E-46
Hden_2272 membrane protein 0.49 -1.04 9.08E-06 7.75E-05
Hden_23% lysozyme inhibitor Lprl family protein 0.15 -2.76 5.63E-08 7.02E-07

Hden_2827 ferric reductase-like transmembrane domain-containing protein 0:34 -1.55  5.87E-113 5.66E-111



Supplementary Table 3. mRNAseq analysis of H. denitrificans AtsdA, part 2. Genes with higher mRNA abundances in
thiosulfate containing medium in comparison to thiosulfate free medium

Locus tag Fold log,_fold
NCBI Annotation change change p_value adj_p_value
Hden_0441  glycosyltransferase 6.04 2.59 4 91E-03 1.91E-02
Hden_0444  glycosyltransferase family 4 protein 2.09 1.07 6.44E-03 2.40E-02
Hden_0457  hypothetical protein 4.65 2.22 3.21E-06 2.99E-05
Hden_0460  DUF983 domain-containing protein 242 1.27 1.97E-21 6.04E-20
Hden_0523  zf-HC2 domain-containing protein 2.61 1.38 7.21E-05 4.99E-04
Hden_0525 catalase family peroxidase 2.24 117 8.70E-06 7.46E-05
Hden_0678  hypothetical protein 6.69 2.74 1.58E-13 3.38E-12
Hden_0679  DsbA family protein 8.49 3.09 4.28E-84 3.36E-82
Hden_0680  sulfur transferase domain-containing protein 12.69 3.67 8.60E-243 1.45E-240
Hden_0681  YeeE/YedE family protein 18.94 4.24 0.00E+00 0.00E+00
Hden_0683  radical SAM protein LipS1 16.81 407 7.46E-251 1.40E-248
Hden_0684  NAD(P)/FAD-dependent oxidoreductase LipT 17.04 4.09 4.28E-157 5.17E-155
Hden_0685 radical SAM protein LipS2 15.85 3.99 0.00E+00 0.00E+00
Hden_0686  lipoate--protein ligase family protein sLpl(AB) 16.65 4.06 7.66E-319 1.99E-316
Hden_0687  GMP synthase - glutamine amidotransferase domain-like protein

LipX 15.98 4.00 1.23E-185 1.89E-183
Hden_0689  sHdrC1 16.09 4.01 0.00E+00 0.00E+00
Hden_0690  sHdrB 17.82 416 0.00E+00 0.00E+00
Hden_0691  sHdrA 19.29 427 0.00E+00 0.00E+00
Hden_0692  sHdrH 18.64 422 5.23E-284 1.18E-281
Hden_0693  sHdrC2 15.79 3.98 2.81E-283 5.93E-281
Hden_0694  sHdrB2 13.34 3.74 0.00E+00 0.00E+00
Hden_0695  sHdrl 10.45 3.39 1.48E-173 2.00E-171
Hden_0696  LbpA2 8.49 3.09 1.81E-224 2.91E-222
Hden_0697  cytochrome P450 7.14 2.84 1.62E-183 2.38E-181
Hden_0698  sulfurtransferase TusA family protein 7.60 2.93 1.86E-166 2.32E-164
Hden_0701  SoxS 6.54 2.71 4.74E-62 3.02E-60
Hden_0702  sulfur oxidation c-type cytochrome SoxX 6.68 2.74 1.21E-156 1.41E-154
Hden_0703  sulfur oxidation c-type cytochrome SoxA 8.85 3.15 3.34E-263 6.63E-261
Hden_0704 thiosulfate oxidation carrier protein SoxY 8.97 3.16 0.00E+00 0.00E+00
Hden_0705 thiosulfate oxidation carrier complex protein SoxZ 8.76 3.13 1.60E-247 2.84E-245
Hden_0706  thiosulfohydrolase SoxB 7.29 2.86 0.00E+00 0.00E+00
Hden_0719  TIGR01244 family sulfur transferase 2.79 1.48 3.31E-42 1.55E-40
Hden_0720  sulfite exporter TauE/SafE family protein 2.59 1.37 9.37E-29 3.52E-27
Hden_0721  MBL fold metallo-hydrolase 2.99 1.58 2.59E-38 1.16E-36
Hden_0722  response regulator transcription factor 4.08 2.03 1.03E-12 2.04E-11
Hden_0723  hypothetical protein 5.31 2.41 1.61E-172 2.09E-170
Hden_0724  substrate-binding domain-containing protein 2.80 1.49 2.09E-15 5.03E-14
Hden_0728  hypothetical protein 2.06 1.04 6.78E-33 2.76E-31
Hden_0729  hypothetical protein 2.68 1.42 6.37E-35 2.76E-33
Hden_0730  NAD(P)H-dependent oxidoreductase 3.99 2.00 6.42E-105 5.86E-103
Hden_0731  peroxiredoxin 2.82 149 3.20E-85 2.58E-83
Hden_0732 fatty acid desaturase 4.18 2.06 5.43E-182 7.65E-180
Hden_0733  group 1 truncated hemoglobin 4.53 2.18 1.53E-137 1.72E-135
Hden_0734  2Fe-2S iron-sulfur cluster binding domain-containing protein 417 2.06 5.70E-111 5.35E-109
Hden_0735 transcriptional repressor 3.7 1.67 1.19E-53 6.72E-52
Hden_0737  alpha/beta fold hydrolase 3.30 1.72 3.97E-59 2.40E-57
Hden_0738  hypothetical protein 5.98 2.58 2.10E-24 6.83E-23
Hden_0739 flavin reductase family protein 3.25 1.70 5.67E-21 1.69E-19
Hden_0742  SCO family protein 3.85 1.95 2.72E-76 2.00E-74
Hden_0743  selenium-binding protein 7.36 2.88 0.00E+00 0.00E+00
Hden_0748  cell envelope integrity protein TolA 2.03 1.02 3.91E-05 2.85E-04
Hden_0783  PQQ-binding-like beta-propeller repeat protein 2.46 1.30 4.87E-51 2.65E-49

thiamine pyrophosphate-dependent dehydrogenase E1
Hden_0784  component subunit alpha 2.81 1.49 5.40E-50 2.90E-48
Hden_0785 alpha-ketoacid dehydrogenase subunit beta 244 1.29 3.49E-61 2.19E-59

acetoin dehydrogenase dihydrolipoyllysine-residue
Hden_0786  acetyltransferase subunit 2.33 1.22 4. 78E-56 2.84E-54
Hden_0788 thiazole synthase 2.59 1.37 3.40E-06 3.13E-05
Hden_0791  dihydrolipoyl dehydrogenase 2.33 1.22 9.79E-21 2.88E-19
Hden_0792  hypothetical protein 2.30 1.20 1.29E-64 8.40E-63
Hden_0796  methanol/ethanol family PQQ-dependent dehydrogenase 2.12 1.08 6.90E-30 2.62E-28
Hden_0834  YeiH family protein 525.97 9.04 0.00E+00 0.00E+00
Hden_0835  LysR family transcriptional regulator 65.57 6.03 0.00E+00 0.00E+00

Hden_0914  hypothetical protein 6.46 2.69 2.83E-03 1.20E-02



Hden_1114
Hden_1133
Hden_1509
Hden_1967
Hden_2058
Hden_2164
Hden_2373
Hden_2458
Hden_2475
Hden_2542
Hden_2565
Hden_2684
Hden_2786
Hden_2822
Hden_2931
Hden_2933
Hden_2938
Hden_2956
Hden_2958
Hden_2965
Hden_3023
Hden_3040
Hden_3139
Hden_3465
Hden_R0052
none_0000

hypothetical protein

Do family serine endopeptidase
metal-sensitive transcriptional regulator
hypothetical protein

isocitrate lyase

AraC family transcriptional regulator
DUF4118 domain-containing protein
hypothetical protein

PsiF family protein

class | SAM-dependent methyltransferase
Spy/CpxP family protein refolding chaperone
hypothetical protein

hypothetical protein

efflux RND transporter periplasmic adaptor subunit
potassium-transporting ATPase subunit KdpA
potassium-transporting ATPase subunit KdpC
formylglycine-generating enzyme family protein
hypothetical protein

glycoside hydrolase family 108 protein
hypothetical protein

hypothetical protein

hypothetical protein

hypothetical protein

hypothetical protein

DUF 1488 family protein

3.08
2.74
2.16
2.72
2.24
2.01
2.26
7.83
3.92
4.62
2.19
2.33
411
3.69
3.76
2.10
2.14
2.79
2.06
2.26
3.14
2.30
3.35
2.18
248
348

1.62
1.45
1.1
1.45
1.17
1.01
1.18
297
1.97
2.21
1.13
1.22
2.04
1.88
1.91
1.07
1.09
1.48
1.04
1.18
1.65
1.20
1.74
1.12
1.31
1.80

1.14E-02
4.60E-115
6.08E-02
3.95E-03
2.35E-02
3.10E-02
3.47E-03
1.25E-02
2.80E-25
4.34E-05
3.46E-36
1.06E-16
4.69E-28
2.01E-03
2.11E-06
3.98E-02
9.57E-04
1.57E-02
2.02E-02
7.04E-02
4.24E-03
1.04E-11
1.30E-70
8.00E-12
6.69E-05
3.67E-25

3.84E-02
4.58E-113
1.47E-01
1.59E-02
6.90E-02
8.60E-02
1.42E-02
4.16E-02
9.57E-24
3.14E-04
1.52E-34
2.70E-15
1.69E-26
9.02E-03
2.03E-05
1.05E-01
4.77E-03
5.02E-02
6.14E-02
1.64E-01
1.69E-02
1.99E-10
9.15E-69
1.54E-10
4.66E-04
1.24E-23



Supplementary Table 4. Strains, primers and plasmids

Strains primers or plasmids Relevant genotype, description or sequence Reference or source

Strains

Escherichia coli 10-beta A(ara-leu) 7697 araD139 fhuA AlacX74 galK16 galE15
e14- 80dlacZAM15 recA1 relA1 endA1 nupG rpsL (StrR) rph

spoT1 A(mrr-hsdRMS-mcrBC)

New England Biolabs

E. coli BL21 DE3 B decm ompT hsdS(rsms’) gal Novagen

Hyphomicrobium denitrificans AtsdA Smr, in-frame deletion of {sdA in H. denitrificans Sm200 8

H. denitrificans AtsdA AshdrR SmR, in-frame deletion of shdrR (Hden_0682) in H. denitrificans 4
AtsdA

H. denitrificans AtsdA AsoxR SmR, deletion of soxR (Hden_0700) in H. denitrificans AtsdA 5

H. denitrificans AtsdA AsoxT1B SmR, in-frame deletion of soxT1B (Hden_0699) in H. denitrificans This work
AtsdA

Hyphomicrobium denitrificans AtsdA SmR, cis complementation of H. denitrificans AtsdA AsoxT1B This work

soxT1Bcomp with soxT1B

H. denitrificans AtsdA soxT1B-CysSer Exchange of SoxT1B-Cys? to Ser in H. denitrificans AtsdA This work
H. denitrificans AtsdA soxT1B-Cys%Ser Exchange of SoxT1B-Cys® to Ser in H. denitrificans AtsdA This work
H. denitrificans AtsdA soxT1B-Cys304Ser Exchange of SoxT1B-Cys30 to Ser in H. denitrificans AtsdA This work
H. denitrificans AtsdA AsoxT1B AsoxR SmR, simultaneous deletion of soxR (Hden_0700) and soxT1B This work
(Hden_0699) in H. denitrificans AtsdA
H. denitrificans AtsdA AsoxT1B AshdrR SmR, simultaneous deletion of shdrR (Hden_0682) and soxT1B This work
(Hden_0699) in H. denitrificans AtsdA
H. denitrificans AtsdA AsoxT1A SmR, in-frame deletion of soxT1A (Hden_0681) in H. denitrificans This work
AtsdA
H. denitrificans AtsdA AsoxT1A AsoxR SmR, deletion of soxR in H. denitrificans AtsdA AsoxT1A This work
H. denitrificans AtsdA AsoxT1A AshdrR SmR, deletion of shdrR in H. denitrificans AtsdA AsoxT1A This work
Primers
SoxT1B_Del_Up_Fw AATATCTAGACGAGCGATCGCCATCGCGAG (Xbal) This work
SoxT1B_Del_Up_Rev CGCCCGCATGCCAATCAGCTGATCATCGGAATTCGCTCTCT This work
SoxT1B_Del_Down_Fw AGAGAGCGATTCCGATGATCAGCTGATTGGCATGCGGGCG This work
SoxT1B_Del_Down_Rev ATCTCTGCAGTTCGAACCTGGACGCCGCG (Pstl) This work
SoxT1A_del_Up_Fw GTGGTCTAGATGTTCAAGCTCCTCGACAAG (Xbal) This work
SoxT1A _del_Up_Rev GCCGCCTGTCGTTCTTAAATCCGCATTTCCCGCCCCGTCT This work
SoxT1A_del_Down_Fw AGACGGGGCGGGAAATGCGGATTTAAGAACGACAGGCGGC This work
SoxT1A_del_Down_Rev GTGGGTCGACCCTTTCTGGTCCATCAATGC (Sall) This work
SoxT1B _C24S_Up_Rev GGCGCCGCCGCCCGCTACGGACATCTCTCCTCCATGGGAG This work
SoxT1B_C24S_Down_Fw CTCCCATGGAGGAGAGATGTCCGTAGCGGGCGGCGGCGC This work
C
SoxT1B C98S_Up_rev GGCACATCCAGCTTCGGGTTGCTCGTGCGCCTC This work
SoxT1B_C98S_Down_Fw GAGGCGCACGAGCAACCCGAAGCTGGATGTGCC This work
SoxT1B_C304S_Up_rev AAGGGCTCCACCATCGGCCAAGGCATGAGCGCCGGC This work
SoxT1B_C304S_Down_Fw GCCGGCGCTCATGCCTTGGCCGATGGTGGAGCCCTT This work
P1 fwd up hden_0700 TATACTGCAGGATCAAGGACGTGGTGGCG (Pstl) 5
P5 fwd down hden_soxR/soxT1B CCAGGGATAGGAATGTCAGCTGATTGGCATGCGGGC This work
P6 rev down hden_ soxR/soxT1B TTGCTCTAGATCCGGCGCGACGATCGATG (Xbal) This work
P7 rev up hden_ soxR/soxT1B GCCCGCATGCCAATCAGCTGACATTCCTATCCCTCGG This work
rpoB-denitf AGGACGTGTTCACCTCGATT 6
rpoB-denitr CGGCTTCGTCAAGGTTCTTC 6
SoxT1A 0681_gPCR-Fr CCCGAGTGATACGATTCGCA 5
SoxT1A 0681_gPCR-Rev CTAAAATGCCGCCGGTGATG 5
sHdrA_gPCR-Fr CCGATCACCATTCCGTTCGA 5
sHdrA_gPCR-Rev CAATTGTTTCCGGGCCGATC 5
SoxXA_qPCR-Fr CGGCGCTCATTACCTATCTC 5
SoxXA_qPCR-Rev TCGGGGTGTCTTTTTCAGTC 5
SoxT1B (0699)_gPCR-Fr GCCGCCGTCTCAGTAAATAA 5
SoxT1B (0699)_qPCR-Rev AGCAGAAGACGGCAGATGAT 5



Plasmids

pHP45Q-Tc
pk18mobsacB
pk18mobsacB-Tc

pk18mobsacBAtsdATc

pk18mobsacB-AsoxT1A

pk18mobsacB-AsoxT1A-Tc

pk18mobsacB-AsoxT1B

pk18mobsacB-AsoxT1B-Tc

pk18mobsacB-soxT1Bcomp-Tc

pk18mobsacB-soxT1B-C24S-Tc

pk18mobsacB-soxT1B-C98S-Tc

pk18mobsacB-soxT1B-C304S-Tc

pk18mobsacB_Tc_AsoxR (Hden0700)

pk18mobsacBAshdR-Tc

pk18mobsacB_Tc_AsoxR/soxT1B

Apr, Ter
Kmr, Mob*, sacB, oriV, oriT, lacZa

Kmr, Ter pHP45Q-Tc tetracycline cassette inserted into
pk18mobsacB using Smal

Kmr, Tcr, 2.01 kb fragment implementing deletion of a 996 bp
tsdA fragment in pK18mobsacB with additional tetracycline
resistance

Kmr, 2.07 kb SOE PCR fragment implementing in-frame deletion
of nucleotides encoding amino acids 3 to 361 of SoxT1A cloned
into Xbal and Sall of pk18mobsacB

Kmr, Tcr, pk18mobsacB-AsoxT1A with tetracycline resistance
gene from pHP45Q cloned into Smal site

Kmr, 2.07 kb SOE PCR fragment implementing in-frame deletion
of nucleotides encoding amino acids 3 to 350 of SoxT1B cloned
into Xbal and Pstl of pk18mobsacB

Kmr, Tcr, pHP45Q-Tc tetracycline cassette inserted into
pk18mobsacB-AsoxT1B using Smal

Kmr, Tcr, SOE PCR fragment implementing chromosomal
integration of soxT1B cloned into pk18mobsacB-Tc using Xbal
and Pstl restriction sites

Kmr, Tcr, SOE PCR fragment implementing chromosomal
integration of soxT1B encoding a Cys?*Ser exchange cloned into
pk18mobsacB-Tc using Xbal and Pstl restriction sites

Kmr, Tcr, SOE PCR fragment implementing chromosomal
integration of soxT1B encoding a Cys®Ser exchange cloned into
pk18mobsacB-Tc using Xbal and Pstl restriction sites

Kmr, Tcr, SOE PCR fragment implementing chromosomal
integration of soxT1B encoding a Cys®“Ser exchange cloned
into pk18mobsacB-Tc using Xbal and Pstl restriction sites

Kmr, Tcr, 1.04 kb SOE PCR fragment implementing deletion of
nucleotides 4 to 362 of soxR to cloned into pk18mobsacB-Tc
using Xbal and Pstl restriction sites

Kmr, Tcr, 2.2 kb BamHI/Xbal fragment of PCR-amplified genome
region around shdrR with deletion of shdrR cloned into
BamHI/Xbal of pk18mobsacB

Kmr, Tcr, 1.04 kb SOE PCR fragment implementing deletion of
nucleotides 4 to of SoxR to nucleotide 1050 of soxT1B cloned
into pk18mobsacB-Tc using Xbal and Pstl restriction sites

This work

This work

This work

This work

This work

This work

This work

This work

This work
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