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F..o-oxidoreductases Sulfite reductases Biological function
F420-0xidase domain of Fsr Group | and Il Group | Fsr detoxification/assimilatory
F..o-reducing [NiFe(Se)]-hydrogenases (FrhB)? Group Il Fsr’ unknown
F,.0H,:quinone oxidoreductase (FqoF)? DsrAg® dissimilatory (inactive)
F.,0H,:phenazine DsrB8? dissimilatory
oxidoreductase (FpoF)* ArsC! dissimilatory
F420-dependent glutamate synthase (GOGAT)® alSir/Group | Dsr-LP3 assimilatory
Formate dehydrogenase (FdhB)° Group Il Dsr-LP® unknown
asSiro1 assimilatory

Supplementary Fig. 1. Domain affiliations of the Fso-dependent sulfite reductase (Fsr). Top
panel, Fsr domain organization. Its N-terminal half belongs to the F4zo-oxidoreductases (left table)
as the Fao-reducing hydrogenase [-subunit (FrhB), together with the FaoH2:quinone
oxidoreductase (FqoF), the FaoH:phenazine oxidoreductase (FpoF), the putative F4xo-dependent
glutamate synthase and formate dehydrogenase (GOGAT and FdhB). Its C-terminal half
corresponds to the sulfite reductases (right table). Sulfite reductases are generally classified into
assimilatory or dissimilatory. Group I Fsr: Group I F420-dependent sulfite reductase, Group II Fsr:
Group II Faxo-dependent sulfite reductase, DsrA: dissimilatory sulfite reductase a-Subunit, DsrB:
dissimilatory sulfite reductase B-Subunit, ArsC: anaerobic sulfite reductase subunit C, alSir/Group
I Dsr-LP: assimilatory-type low-molecular-weight sulfite reductase/Group I dissimilatory sulfite
reductase-like proteins, Group III Dsr-LP: Group III dissimilatory sulfite reductase-like proteins,

aSir: assimilatory sulfite reductase. References'!! are cited accordingly.
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Supplementary Fig. 2. Differences between Group I and II Fsr. a, Sequence conservation across
Group I and II Fsr on a selected stretch from the sulfite reductase domain. Perfectly conserved
residues are highlighted with a red background. The purple squares highlight the four perfectly
conserved residues across functional sulfite reductases (in M. thermolithotrophicus: Arg355,
Arg423, Lys460 and Lys462). Sequence alignment was done using Clustal Omega'?, secondary
structure prediction was performed with ESPript 3.0'3. b, A neighbor-joining tree was constructed
based on the phylogenetic analysis from Yu et al’, including the two Fsr sequences from M.
thermolithotrophicus (in bold red). Protein sequences were obtained from NCBI using BLASTP
(E-value cut-off of 1el), the sequences were then aligned using MUSCLE'“. Phylogenetic analysis
were performed using MEGA11'5. Protein accession numbers from the NCBI database are shown
in parentheses and black dots on the branches represent bootstrap values > 90 %.



Supplementary Fig. 3. The Flavin conformation and F420 docking site. a and b, 2F,-F. map for
the FAD in M¢Fsr and MjFsr contoured to 3- and 1.5-c, respectively. The isoalloxazine heterocycle
is only slightly bent. ¢, Electrostatic charge profile around the FaxoH2-oxidase active site in MFsr.
Acidic to basic patches on the surface are coloured in red and blue, respectively. The Faz0H> is
suspected to bind to the positively charged area (indicated by a black arrow) surrounding the FAD.



Supplementary Fig. 4. Comparison of the FAD binding site of the F420H2-oxidase domain from
MiFsr and FrhB from M. marburgensis. a, Close-up of the FAD binding site in the F420H2-oxidase
domain from M¢Fsr. b, FAD binding in FrhB from M. marburgensis (PDB 4OMF). The residues
binding the FAD are represented in balls and sticks and hydrogen bonds involved in FAD binding
are shown by black dashes. The connection between the [4Fe-4S]-cluster I and the isoalloxazine
ring from the FAD, established by a cysteine, are shown by red dashes.
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Supplementary Fig. 5. Sequence conservation across Group I and II Fsr as well as FrhB. Perfectly
conserved residues are highlighted with a red background. The glutamate involved in the [4Fe-
4S]-cluster 3 binding is shown by a green square. MtFsr: M. thermolithotrophicus, MjFsr: M.
jannaschii  (Q58280.1); MkFsrl:  Methanopyrus kandleri (WP_011019168.1); MtFsrl:
Methanothermobacter marburgensis (ADL58324.1); MeFsrl: Methanohalobium evestigatum
(WP_013194157.1); MeFsrll: Methanohalobium evestigatum (WP_013194630.1); MbFsrll
Methanococcoides burtonii (WP_011498749.1); ANME-1b_Fsrll: Fsr from Methanophagales
archaeon belonging to ANME-1 cluster (RCV63578.1); ANME-2 Fsrll, Fsr from ANME-2
cluster archaecon HR1 (PPA79744.1); MmFrhB: Methanothermobacter marburgensis
(ADL59254.1); MbFrhB Methanosarcina barkeri (WP_048177139.1). Sequence alignment was
done using Clustal Omega'®, secondary structure prediction was performed with ESPript 3.0'°.



Supplementary Fig. 6. Fsr shares the common fold of sulfite reductases. a, The dimeric sulfite
reductase domains of MrFsr with its inserted ferredoxin domains are represented in blue ribbon.
N- and C-terminus of the Sir domain are shown in green and red spheres, respectively. b, Overall
superposition of dimeric MtFsr (blue) with the aSir from Zea mays (PDB 5H92, whole chain
rmsd=2.434 A for 142-Ca aligned and a rmsd=0.964 A for the most conserved region with 47-Ca.
aligned). The aSir-a part from Zea mays is coloured in light pink, and the aSir-b part is coloured
in red. ¢, Overall superposition of dimeric MtFsr with DsrAB (DsrA in pink, DsrB in red) from
Archaeoglobus fulgidus (PDB 3MMS, whole chain rmsd=4.152 A for 225-Ca aligned and an
rmsd=0.921 A with 53-Ca aligned for the most conserved region on one M¢Fsr monomer). d,
Overall superposition of dimeric MfFsr with DsrAB (DsrA in pink, DsrB in red) from
Desulfovibrio vulgaris (PDB 2V4], whole chain rmsd=2.819 A for 157-Co aligned and a
rmsd=0.961 A with 51-Ca aligned for the most conserved region on one M¢Fsr monomer). b-d,
The extensions contained in aSir and DsrAB which are not common to Fsr have been removed for
clarity.
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Supplementary Fig. 7. Sequence conservation across the C-terminal half of Fsr (MfFsr: 241-618)
and aSir-a. Perfectly conserved residues are highlighted with a red background. MtFsr: M.
thermolithotrophicus; MjFsr: M. jannaschii; Z.mays: Zea mays (PDB 5H92, for residues: 1-392);
E.coli: Escherichia coli (PDB 2GEP, for residues: 1-327). Sequence alignment was done using
Clustal Omega'é, secondary structure representation was performed with ESPript 3.0'3. Arg355
seems not conserved in E. coli and Z. mays due to a shift of 2 residues in the alignment.
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Supplementary Fig. 8. Sequence conservation across the C-terminal half of Fsr (M¢Fsr: 261-618)
and aSir-b. Perfectly conserved residues are highlighted with a red background. MtFsr: M.
thermolithotrophicus; MjFsr: M. jannaschii; Z. mays. Zea mays (PDB 5H92, used residues: 393-
653); E.coli: Escherichia coli (PDB 2GEP, shown residues: 328-570). Sequence alignment was
done using Clustal Omega!®, secondary structure representation was performed with ESPript 3.0
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Supplementary Fig. 9. Sequence conservation across the C-terminal half of Fsr (M¢Fsr: 271-618)
and DsrA. Perfectly conserved residues are highlighted with a red background. MtFsr: M.
thermolithotrophicus; MjFsr: M. jannaschii. Dvulgaris: D. vulgaris (PDB 2V4J); Afulgidus:
Archaeoglobus fulgidus (PDB 3MMY); Dgigas: Desulfovibrio gigas (PDB 30R1); Dnorvegicum:
Desulfomicrobium norvegicum (PDB 2XSJ). Sequence alignment was done using Clustal

Omega'

6 secondary structure representation was performed with ESPript 3.0'3. Arg355 seems not

conserved due to a shift of one residue.
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Supplementary Fig. 10. Sequence conservation across the C-terminal half of Fsr (MfFsr: 271-
618) and DsrB. Perfectly conserved residues are highlighted with a red background. MtFsr: M.
thermolithotrophicus; MjFsr: M. jannaschii. D.vulgaris: Desulfovibrio vulgaris (PDB 2V4J);
A fulgidus: Archaeoglobus fulgidus (PDB 3MMS); D.gigas: Desulfovibrio gigas (PDB 30R1);
D.norvegicum: Desulfomicrobium norvegicum (PDB 2XSJ). Sequence alignment was done using
Clustal Omega'®, secondary structure representation was performed with ESPript 3.0'3. Arg355
seems not conserved in A. fulgidus, D. vulgaris and D. norvegicum due to a shift of two residues.
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Supplementary Fig. 11. Stereo view of the intra-dimeric sirohemes in M¢Fsr, in which each chain
is differently coloured. Primed labels indicate residues belonging to the dimeric partner.
Sirohemes, water and residues involved in the channel are represented as balls and sticks. The
distance between the two closest siroheme carboxylate groups is 9.4 A. This close contact would
theoretically allow an internal electron transfer between both sirohemes.



Supplementary Table 1. Chemical list of reagents used in this article.

Compound Company Catalog number
Gas mixture N»/Ha, 95:5 Air Liquide ARCAL F5
Potassium ferricyanide Sigma Aldrich 244023

Tris ultrapure AppliChem A1086
Methylene blue hydrate Sigma Aldrich 66720
Resorufin Sigma Aldrich 73144

Indigo carmine Sigma Aldrich 131164
2-Hydroxy-1,4-naphthochinon Sigma Aldrich H46805

Sodium anthraquinone-2-sulfonate Sigma Aldrich 123242
Phenosafranin Sigma Aldrich 199648

Safranin T Sigma Aldrich S8884

Neutral red Sigma Aldrich N4638
Benzylviologen Sigma Aldrich 271845
Methylviologen dichloride hydrate Sigma Aldrich 856177

PD10 desalting (Sephadex GH-25) Cytiva 17085101
Sodium sulfite Sigma Aldrich S4672

Copper (II) sulfate pentahydrate Sigma Aldrich 209198
Disodium EDTA AppliChem 131669

KCl Roth 6781.1

NaCl Roth 3957.1
NaHCOs3 Roth 6885.1

CaCl: - 2 H.O Roth/Merck 5239.1/1.02382.
MgCl; - 6 H2O Roth 2189.1

NH4Cl Merck 1,011,451,000
Nitrilotriacetic acid Sigma Aldrich 72560

FeCl; - 4 H,O Sigma Aldrich 380024
NazSeOs - 5 H20 Merck 1.06607
Na;WOs4 - 2 HoO Merck 1,066,730,250
Na;MoOs - 2 H20 Merck 1065210100
Resazurin Sodium Salt Sigma R7017

PIPES Roth 9156.4

Sodium hydroxide pellets Applichem AP131687-1211
Tris Hydrochlorid Roth 9090.3

MES Roth 4259.4

MnCl; - 4 H.O Roth T881.3

FeClz - 6 H2O Fluka 44944

CaClz - 2 H.O Roth/Merck 5239.1/1.02382.
CoClz - 6 H.0 Roth T889.2




ZnCl,

NiCl; - 6 H2O

V(I3

Sodium sulfite

Sodium sulfate

Sodium sulfide

1.4-dithiothreitol

Bradford (Bio-Rad-Protein Assay)
Tris Hydrochlorid
Ammoniumsulfate

Glycerol

di-Potassium hydrogen phosphate
Potassium dihydrogen phosphate
Ammoniumhydrogencarbonat
Tris

Sodium borohydride

HCI, 25%

Tricine

Bis-Tris

Sodium deoxycholate

Dodecyl maltoside

Trypsin from bovine pancreas
Sodium nitrite

Merck

Sigma Aldrich
Sigma Aldrich
Sigma Aldrich
Sigma Aldrich
Sigma Aldrich
Neolab/BioFroxx
Thermo Fisher
Roth

Merck Applichem
Applichem
Roth

Roth

Roth

Serva

Sigma Aldrich
Sigma Aldrich
Roth

Roth

Fluka

Roth

Sigma Aldrich
Sigma Aldrich

1,088,160,250
654507
208272
71988
1.06649
407410
1111GR100
23246
9090.3
1.01211
141339.1211
P749.2
3904.1
T871.1
37181.02
452882
100316
6977.3
9140
30970
CN26.2
T8003
563218
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