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Supplementary Fig. 1 Pairwise average nucleotide identity comparison between the 54 biofilm Roseobacter 

strains. The average nucleotide identity values were calculated using chromosomes as queries, and strain-level 

dissimilarities (> 99%) were obtained for all the pairwise comparisons.  
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Supplementary Fig. 2 Average nucleotide identity comparisons of Rhodobacteraceae sp. M382 with its close 

relatives. The ANI values were calculated using chromosomes as queries. 

 

 

Supplementary Fig. 3 The presence of genes involved in biofilm formation in plasmids of the biofilm 

Roseobacter strains. Genes responsible for the secretion of extracellular polysaccharides, biosynthesis of 

mannose, rhamnose, and polysaccharides, regulation of polysaccharide biosynthesis (e.g., DNA-invertase), and 

surface addition (e.g., filamentous hemagglutinin) were identified. The color is coded by bacterial group and a 

colored box indicates the presence of the respective gene.  
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mhpE, 4-hydroxy 2-oxovalerate aldolase [K01666]

gmd, GDPmannose 4, 6-dehydratase [K01711]

galE, UDP-glucose 4-epimerase [K01784]

glf, UDP-galactopyranose mutase [K01854]

fcl, GDP-L-fucose synthase [K02377]

gspC, general secretion pathway protein C (EPS secretion) [K02452]

gspD, general secretion pathway protein D (EPS secretion) [K02453]

gspE, general secretion pathway protein E (EPS secretion) [K02454]

gspF, general secretion pathway protein F (EPS secretion) [K02455]

gspG, general secretion pathway protein G (EPS secretion) [K02456]

gspH, general secretion pathway protein H (EPS secretion) [K02457]

gspI, general secretion pathway protein I (EPS secretion) [K02458]

gspJ, general secretion pathway protein J (EPS secretion) [K02459]

gspK, general secretion pathway protein K (EPS secretion) [K02460]

gspL, general secretion pathway protein L (EPS secretion) [K02461]

gspM, general secretion pathway protein M (EPS secretion) [K02462]

gspN, general secretion pathway protein N (EPS secretion) [K02463]

wcaJ, colanic acid biosysnthesis UDP-glucose lipid transferase [K03606]

kpsM, capsular polysaccharide transport system permease [K09688]

kpsT, capsular polysaccharide transport system ATP-binding protein [K09689]

kpsE, capsular polysaccharide transport system permease [K10107]

lapE, outer membrane protein,  adhesin transport system [K12543]

rhlC, rhamnosyltransferase [K12990]

aftB, arabinofuranosyltransferase [K13687]

pinR, putative DNA-invertase from lambdoid prophage Rac [K14060]

fhaB, filamentous hemagglutinin [K15125]

algA, mannose-1-phosphate guanylyltransferase [K16011]

exoP, polysaccharide biosynthesis transport protein [K16554]

exoO, succinoglycan biosynthesis protein ExoO [K16555]

exoM, succinoglycan biosynthesis protein ExoM [K16556]

exoA, succinoglycan biosynthesis protein ExoA [K16557]

exoL, succinoglycan biosynthesis protein ExoL [K16558]

exoK, endo-1, 3-1, 4-beta-glycanase ExoK [K16559]

exoU, succinoglycan biosynthesis protein [K16564]

exoY, exopolysaccharide production protein ExoY [K16566]

exoQ, exopolysaccharide production protein ExoQ [K16567]

cell migration-inducing and hyaluronan-binding protein [K19031]

epsC, polysaccharide biosynthesis protein [K19421]

epsL, sugar transferase [K19428]
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Supplementary Fig. 4 Map of a plasmid from Leisingera sp. M527. Gene functions were annotated by 

BLASTp searching against the KEGG database. Gene orientations were indicated by arrows colored by blue or 

red. Many of the annotated genes, such as epsLC (exopolysaccharide biosynthesis), gspDEFLKJHG 

(polysaccharide secretion), pilD (pilus assembly) are known to be involved in biofilm formation and thus this 

probably a typical biofilm plasmid. 
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uncharacterized N-acetyltransferase

K03328 polysaccharide transporter

K16557 exoA; 

succinoglycan biosynthesis protein
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K16555 exoO; succinoglycan biosynthesis protein

K16555 exoO; succinoglycan biosynthesis protein

K16556 exoM; succinoglycan biosynthesis protein
K16559 exoK; endo-1,3-1,4-beta-glycanase

K16554 exoP; polysaccharide biosynthesis transport protein

K16564 exoU; succinoglycan biosynthesis protein

K19421 epsC; polysaccharide biosynthesis protein
K19428 epsL; sugar transferase

K01784 galE; UDP-glucose 4-epimerase

K01991 wza; polysaccharide biosynthesis/export protein

K02377 fcl; GDP-L-fucose synthase

K01711 gmd; GDPmannose 4,6-dehydratase

K01854 glf; UDP-galactopyranose mutase

K09689  kpsT; capsular polysaccharide transport system ATP-binding protein

K10107 kpsE; capsular polysaccharide transport system permease

K09688 kpsM; capsular polysaccharide transport system permease

K08679 cap1J; UDP-glucuronate 4-epimerase

K00012 ugd; UDPglucose 6-dehydrogenase
K03497 parB,chromosome partitioning protein

K03496 parA,chromosome partitioning protein

K07684 narL; nitrate/nitrite response regulator

K02453 gspD; general secretion pathway protein D

K02454 gspE; general secretion pathway protein E

K02455 gspF; general secretion pathway protein F

K02461 gspL; general secretion pathway protein L

K02460 gspK; general secretion pathway protein K

K02459 gspJ; general secretion pathway protein J

K02457 gspH; general secretion pathway protein H

K02456 gspG; general secretion pathway protein G

K02654 pilD; leader peptidase

K12543 lapE; outer membrane protein, 

adhesin transport system
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Supplementary Fig. 5 The presence of central carbon metabolism genes in the biofilm Roseobacter genomes. 

Gene functions were annotated by BLASTp searching against the KEGG database. The color is coded by 

bacterial group and a colored box indicates the presence of the respective gene. TCA, tricarboxylic acid; ED, 

the Entner-Doudoroff pathway; PP, the pentose phosphate pathway; EMP, the Embden-Meyerhof-Parnas 

pathway. 

glk, glucokinase [K00845]

pgi, glucose-6-phosphate isomerase [K01810]

pfkA, 6-phosphofructokinase 1 [K00850]

pfkB, 6-phosphofructokinase 2 [K16370]

fructose-bisphosphate aldolase, class I [K01623]

fbaA, fructose-bisphosphate aldolase, class II [K01624]

tpiA, triosephosphate isomerase [K01803]

gapA, glyceraldehyde 3-phosphate dehydrogenase [K00134]

gap2, glyceraldehyde-3-phosphate dehydrogenase [K00150]

pgk, phosphoglycerate kinase [K00927]

gpmA, 2,3-bisphosphoglycerate-dependent phosphoglycerate mutase [K01834]

gpmI, 2,3-bisphosphoglycerate-independent phosphoglycerate mutase [K15633]

gpmB, 2,3-bisphosphoglycerate-dependent phosphoglycerate mutase [K15634]

apgM, 2,3-bisphosphoglycerate-independent phosphoglycerate mutase [K15635]

eno, enolase [K01689]

pyk, pyruvate kinase [K00873]

pyruvate kinase isozymes R/L [K12406]

zwf, glucose-6-phosphate 1-dehydrogenase [K00036]

pgl, 6-phosphogluconolactonase [K01057]

pgl, 6-phosphogluconolactonase [K07404]

edd, phosphogluconate dehydratase [K01690]

eda, 2-dehydro-3-deoxyphosphogluconate aldolase [K01625]

zwf, glucose-6-phosphate 1-dehydrogenase [K00036]

pgl, 6-phosphogluconolactonase [K01057]

6-phosphogluconate dehydrogenase [K00033]

rpe, ribulose-phosphate 3-epimerase [K01783]

rpiA, ribose 5-phosphate isomerase A [K01807]

rpiB, ribose 5-phosphate isomerase B [K01808]

tktAB, transketolase [K00615]

talAB, transaldolase [K00616]

pgi, glucose-6-phosphate isomerase [K01810]

pps, ppsA; pyruvate, water dikinase [K01007]

ppdK; pyruvate, orthophosphate dikinase [K01006]

pckA; phosphoenolpyruvate carboxykinase [K01610]

pyc; pyruvate carboxylase [K01958]

icd; isocitrate dehydrogenase [K00031]

acnA; aconitate hydratase [K01681]

acnB; aconitate hydratase 2 / 2-methylisocitrate dehydratase [K01682]

sucB, 2-oxoglutarate dehydrogenase E2 component  [K00658]

sucA, 2-oxoglutarate dehydrogenase E1 component [K00164]

pdhD, dihydrolipoamide dehydrogenase [K00382]

sucD; succinyl-CoA synthetase alpha subunit [K01902]

sucC; succinyl-CoA synthetase beta subunit [K01903]

sdhD, frdD; succinate dehydrogenase / fumarate reductase [K00242]

fumA; fumarate hydratase subunit alpha [K01677]

fumB; fumarate hydratase subunit beta [K01678]

frdA; fumarate reductase flavoprotein subunit  [K00244]

frdB; fumarate reductase iron-sulfur subunit  [K00245]

frdC; fumarate reductase subunit C [K00246]

frdD; fumarate reductase subunit D [K00247]

maeB; malate dehydrogenase [K00029]

malate dehydrogenase [K00025]

mdh; malate dehydrogenase [K00024]
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Supplementary Fig. 6 The presence of nitrogen metabolism genes in genomes of the biofilm Roseobacter 

strains. Gene functions were annotated by BLASTp searching against the KEGG database. The color is coded 

by bacterial group and a colored box indicates the presence of the respective gene. 

 

 

 

Supplementary Fig. 7 The presence of cytochrome related genes in genomes of the biofilm Roseobacter strains. 

Gene functions were annotated by BLASTp searching against the KEGG database. The color is coded by 

bacterial group and a colored box indicates the presence of the respective gene. 

narG; nitrate reductase alpha subunit [K00370]

narH; nitrate reductase beta subunit [K00371]

nasA; assimilatory nitrate reductase catalytic subunit [K00372]

nirB; nitrite reductase large subunit [K00362]

nirD; nitrite reductase small subunit [K00363]

napA; nitrate reductase [K02567]

napB; nitrate reductase [K02568]

nirK; nitrite reductase [K00368]

nirS; nitrite reductase [K15864]

norB; nitric oxide reductase subunit B [K04561]

norC; nitric oxide reductase subunit C [K02305]

nosZ; nitrous-oxide reductase [K00376]

ccoN; cytochrome cbb3 oxidase subunit I [K00404]

ccoO; cytochrome cbb3 oxidase subunit II [K00405]

ccoP; cytochrome cbb3 oxidase subunit III [K00406]

ccoQ; cytochrome cbb3 oxidase subunit IV [K00407]

CYC; cytochrome c [K08738]

petA; ubiquinol-cytochrome c reductase iron-sulfur subunit [K00411]

petB; ubiquinol-cytochrome c reductase cytochrome b subunit [K00412]

petC; ubiquinol-cytochrome c reductase cytochrome c1 subunit [K00413]

cytochrome c peroxidase [K00428]

ccmE; cytochrome c-type biogenesis protein CcmE [K02197]

ccmF; cytochrome c-type biogenesis protein CcmF [K02198]

ccmG, dsbE; cytochrome c biogenesis protein CcmG [K02199]

ccmH; cytochrome c-type biogenesis protein CcmH [K02200]

ccdA; cytochrome c-type biogenesis protein [K06169]

COX11; cytochrome c oxidase assembly protein subunit 11 [K02258]

COX15; cytochrome c oxidase assembly protein subunit 15 [K02259]

coxA; cytochrome c oxidase subunit I [K02274]

coxB; cytochrome c oxidase subunit II [K02275]

coxC; cytochrome c oxidase subunit III [K02276]

cybB; cytochrome b561 [K12262]
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Supplementary Fig. 8 Distribution of sulfur metabolism genes in genomes of the biofilm Roseobacter strains.  

Genes were annotated by BLASTp searching against the KEGG database. The color is coded by bacterial group 

and a colored box indicates gene presence while an empty box indicates gene absence. 

 

sat; sulfate adenylyltransferase [K00958]

cysC; adenylylsulfate kinase [K00860]

cysH; phosphoadenosine phosphosulfate reductase [K00390]

cysJ; sulfite reductase flavoprotein alpha-component [K00380]

cysI; sulfite reductase hemoprotein beta-component [K00381]

sseA; thiosulfate/3-mercaptopyruvate sulfurtransferase [K01011]

phsA, psrA; thiosulfate / polysulfide reductase [K08352]

phsB; thiosulfate reductase electron transport protein [K08353]

phsC; thiosulfate reductase cytochrome b subunit [K08354]

tsdA; thiosulfate dehydrogenase [K19713]

soxA; L-cysteine S-thiosulfotransferase [K17222]

soxB; S-sulfosulfanyl-L-cysteine sulfohydrolase [K17224]

soxC; sulfane dehydrogenase subunit [K17225]

soxD; S-disulfanyl-L-cysteine oxidoreductase [K22622]

soxX; L-cysteine S-thiosulfotransferase [K17223]

soxY; sulfur-oxidizing protein [K17226]

soxZ; sulfur-oxidizing protein [K17227]

aprA; adenylylsulfate reductase, subunit A [K00394]

aprB; adenylylsulfate reductase, subunit B [K00395]

dsrA; dissimilatory sulfite reductase alpha subunit [K11180]

dsrB; dissimilatory sulfite reductase beta subunit  [K11181]

sulfide:quinone oxidoreductase [K17218]

persulfide dioxygenase [K17725]

tsdA; thiosulfate dehydrogenase [K19713]

dmsA; anaerobic dimethyl sulfoxide reductase subunit A [K07306]

dmsB; anaerobic dimethyl sulfoxide reductase subunit B [K07307]

dmsC; anaerobic dimethyl sulfoxide reductase subunit C [K07308]
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Supplementary Fig. 9 The sox gene operon in genomes of the biofilm Roseobacter strains. The seven sox 

genes were indicated by different colors.  
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Supplementary Fig. 10 Comparison of the concatenated 31 single-copy genes tree and the concatenated 

soxXYZABCD genes tree for the biofilm Roseobacter strains. Trees were constructed using a maximum-like 

phylogency with 500 bootstrap samplings. 
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Supplementary Fig. 11 Summarized abundance of the biofilm Roseobacter strains in biofilm-associated and 

free-living microbiota collected across the global ocean. a, Comparision between surface ocean biofilms and 

seawater microbiota. b, Comparision between hydrothermcal vent biofilms and fluid microbiota. Total 

abundance of the 54 strains in a given metagenome is calculated by summarizing the recruited metagenome 

reads by the 54 respective genomes. All the metagenomes included for analyses were normalized to 1,000,000 

reads with a read length of 101 bp. In all boxplots, central line represents the median, bounds represent upper 

and lower quartiles, whiskers represent maximum and minimum, and potential outliers are indicated by dots. P-

values are derived from two-sided Students’ t-test. Source data are provided as a Source Data file. 
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Supplementary Fig. 12 Taxonomic affiliation of the soxX and soxA genes in assembled biofilm metagenomes 

at genus level. The six biofilms collected in the present study were used for analyses. The affiliations were 

determined by searching against the NCBI-Nr database using Kaiju. a, soxX; b, soxA. Source data are provided 

as a Source Data file. 
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Supplementary Fig. 13 Taxonomic affiliation of the napA and nirK genes in assembled biofilm metagenomes 

at genus level. The six biofilms collected in the present study were used for analyses. The affiliations were 

determined by searching against the NCBI-Nr database using Kaiju. a, napA; b, nirK. Source data are provided 

as a Source Data file. 
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Supplementary Fig. 14 Summarized abundance of the biofilm Roseobacter strains in biofilm 

metatranscriptomes collected in different months. The accumulated percentage of the metatranscriptomic reads 

recruited by the chromosomoes of the 54 Roseobacter strains is shown.  
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Supplementary Fig. 15 Taxonomic affiliation of the soxX and soxA genes in assembled biofilm 

metatranscriptomes at genus level. The six biofilms collected in the present study were used for analyses. The 

affiliations were determined by searching against the NCBI-Nr database using Kaiju. a, soxX; b, soxA. Source 

data are provided as a Source Data file. 
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Supplementary Fig. 16 Taxonomic affiliation of the napA and nirK genes in assembled biofilm 

metatranscriptomes at genus level. The six biofilms collected in the present study were used for analyses. The 

affiliations were determined by searching against the NCBI-Nr database using Kaiju. a, napA; b, nirK. Source 

data are provided as a Source Data file. 
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Supplementary Fig. 17 Transmission electron microscopy observation of selected biofilm Roseobacter strains. 

Nine strains from the nine distinct genera were observed at 10,000-50,000 times magnification. Scale bar = 500 

nm. 
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Supplementary Fig. 18 Maximum biomass of the 54 biofilm Roseobacter strains when grown in aerobic and 

anaerobic conditions. Strains were cultured in marine broth 2216 media at 25 ℃ and the biomasses were 

indicated by measuring optical densities at 600 nm wavelength (OD600). Values are shown as mean ± s.d. (n = 3 

biologically independent replicates). Source data are provided as a Source Data file. 

. 

 

Supplementary Fig. 19 Thiosulfate oxidation by representative biofilm Roseobacter strains. Sulfate production 

in nine strains from the nine distinct genera were detected. Strains were grown in minimum media with 10 mM 

thiosulfate for 72 hours under aerobic and anaerobic conditions. In the bar charts, values are shown as 

mean ± s.d. (n = 3 biologically independent replicates). Source data are provided as a Source Data file. 
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Supplementary Fig. 20 Growth of wild-type M382 and its two sox gene mutants in biofilms. The biofilms 

were grown in minimum media with 10 mM thiosulfate, followed by measurement of cell density at 600 nm 

after cultivation for 72 hours. Both aerobic (a) and anaerobic (b) conditions were studied. Two-sided Student’s 

t-test was used to detect the significant difference. In the bar charts, values are shown as mean ± s.d. (n = 3 

biologically independent replicates). Source data are provided as a Source Data file. 
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Supplementary Fig. 21 Overview of gene transcriptome profiles in M382 biofilms cultured with or without 

thiosulfate. Statistical analysis based on Reads Per Kilobase per Million mapped reads values was performed 

using two-sided Student’s t-test with a threshold of fold change > 2 and P-value < 0.05. The up-regulated, 

down-regulated, and unchanged genes were colored in red, blue, and grey, respectively. Source data are 

provided as a Source Data file.  
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Supplementary Fig. 22 Functional annotation of the up-regulated genes in M382 biofilms by thiosulfate. 

Statistical analysis based on Reads Per Kilobase per Million mapped reads was performed using two-sided 

Student’s t-test with a threshold of fold change > 2 and P-value < 0.05. Annotation was performed by searching 

against the KEGG database using E-value < 1e-5 and the annotated genes are shown. Source data are provided 

as a Source Data file. 

 

 

 

K02574 napH; ferredoxin-type protein NapH

K00826 ilvE; branched-chain amino acid aminotransferase

K00166 bkdA1; 2-oxoisovalerate dehydrogenase E1 component alpha subunit

K00167 bkdA2; 2-oxoisovalerate dehydrogenase E1 component beta subunit

K00382 lpd, pdhD; dihydrolipoamide dehydrogenase

K09699 bkdB; 2-oxoisovalerate dehydrogenase E2 component

K03750 moeA; molybdopterin molybdotransferase

K04090 indolepyruvate ferredoxin oxidoreductase

K01043 swnK; reducing polyketide synthase

K11069 potD; spermidine/putrescine transport system substrate-binding protein

K02002 proX; glycine betaine/proline transport system substrate-binding protein

K03821 phaC, phbC; poly[(R)-3-hydroxyalkanoate] polymerase subunit

K06196 ccdA; cytochrome c-type biogenesis protein

K05973 phaZ; poly(3-hydroxybutyrate) depolymerase

K03892 arsR; ArsR family transcriptional regulator

K05555 actIV; cyclase

K03299 TC.GNTP; gluconate:H+ symporter, GntP family

K03777 dld; D-lactate dehydrogenase (quinone)

K07010 putative glutamine amidotransferase

K03296 TC.HAE1; hydrophobic/amphiphilic exporter-1 (mainly G- bacteria)

K07393 yqjG; glutathionyl-hydroquinone reductase 

K19055 prdX, proX; Ala-tRNA(Pro) deacylase

K00020 mmsB; 3-hydroxyisobutyrate dehydrogenase

K00248 bcd; butyryl-CoA dehydrogenase

K02037 pstC; phosphate transport system permease protein

K07303 iorB; isoquinoline 1-oxidoreductase subunit beta

K02038 pstA; phosphate transport system permease protein

K02040 pstS; phosphate transport system substrate-binding protein

K17224 soxB; S-sulfosulfanyl-L-cysteine sulfohydrolase

K00020 mmsB; 3-hydroxyisobutyrate dehydrogenase

K07308 dmsC; anaerobic dimethyl sulfoxide reductase subunit C

K08352 phsA, psrA; thiosulfate reductase / polysulfide reductase chain A

K17222 soxA; L-cysteine S-thiosulfotransferase

K22622 soxD; S-disulfanyl-L-cysteine oxidoreductase

K08738 CYC; cytochrome c

K08738 CYC; cytochrome c

K17227 soxZ; sulfur-oxidizing protein SoxZ

K17225 soxC; sulfane dehydrogenase subunit SoxC

K11959 urtA; urea transport system substrate-binding protein

K13993 HSP20 family protein

K17223 soxX; L-cysteine S-thiosulfotransferase

K17226 soxY; sulfur-oxidizing protein SoxY

K07112 uncharacterized protein

K07275 ompW; outer membrane protein

K19239 sapZ; predicted membrane protein

K11069 potD; spermidine/putrescine transport system substrate-binding protein
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Supplementary Fig. 23 Functional annotation of the down-regulated genes in M382 biofilms by thiosulfate. 

Statistical analysis based on Reads Per Kilobase per Million mapped reads was performed using two-sided 

Student’s t-test with a threshold of fold change > 2 and P-value < 0.05. Annotation was performed by searching 

against the KEGG database using E-value < 1e-5 and the annotated genes are displayed. Source data are 

provided as a Source Data file. 
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K00381 cysI; sulfite reductase (NADPH) hemoprotein beta-component

K00390 cysH; phosphoadenosine phosphosulfate reductase

K00390 cysH; phosphoadenosine phosphosulfate reductase

K00493 XANG; xanthocillin biosynthesis cytochrome P450 monooxygenase

K00540 fqr; F420H(2)-dependent quinone reductase

K00574 cfa; cyclopropane-fatty-acyl-phospholipid synthase

K00958 sat, met3; sulfate adenylyltransferase

K01028 scoA; 3-oxoacid CoA-transferase subunit A

K01029 scoB; 3-oxoacid CoA-transferase subunit B

K01448 amiABC; N-acetylmuramoyl-L-alanine amidase

K01563 dhaA; haloalkane dehalogenase

K01607 pcaC; 4-carboxymuconolactone decarboxylase

K01649 leuA, IMS; 2-isopropylmalate synthase

K01692 paaF, echA; enoyl-CoA hydratase

K01703 leuC, IPMI-L; 3-isopropylmalate/(R)-2-methylmalate dehydratase

K01740 metY; O-acetylhomoserine (thiol)-lyase

K01759 gloA; lactoylglutathione lyase

K01883 cysS; cysteinyl-tRNA synthetase

K02167 betI; TetR/AcrR family transcriptional regulator

K02291 crtB; 15-cis-phytoene synthase

K02303 cobA; uroporphyrin-III C-methyltransferase

K03292 TC.GPH; glycoside/pentoside/hexuronide:cation symporter, GPH family

K03497 parB, spo0J; ParB family transcriptional regulator

K05524 fdxA; ferredoxin

K05800 ybaO; Lrp/AsnC family transcriptional regulator

K06199 crcB, FEX; fluoride exporter

K06892 F6H; feruloyl-CoA 6-hydroxylase

K06954 uncharacterized protein

K07006 uncharacterized protein

K07096 uncharacterized protein

K07110 ramB; fatty acid utilization regulator

K07112 uncharacterized protein

K07552 bcr, tcaB; MFS transporter, DHA1 family, multidrug resistance protein

K09958 uncharacterized protein

K13641 iclR; IclR family transcriptional regulator, acetate operon repressor

K18372 acmB; methyl acetate hydrolase

Control              Thiosulfate

1       2        31       2        3
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Supplementary Fig. 24 Overview of cell membrane proteome profiles in M382 biofilms cultured with or 

without thiosulfate. Statistical analysis based on label-free quantitation algorithm was performed using two-

sided Student’s t-test with a threshold of fold change > 2 and P-value < 0.05. The up-regulated, down-regulated, 

and unchanged proteins were colored in red, blue, and grey, respectively. Source data are provided as a Source 

Data file. 

 

 

Supplementary Fig. 25 Proton motive forces (PMFs) in M382 biofilms grown with or without thiosulfate. The 

PMF was indicated by the fluorescence intensity of DiSC3(5). Two-sided Student’s t-test was used to examine 

significant differences. In the bar charts, values are shown as mean ± s.d. (n = 3 biologically independent 

replicates). Source data are provided as a Source Data file. 


