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Table S1. Protein concentration dependent activity of GOR

Enzyme Assay [GAP] (mM) GOR (mg) Total Activity (U) Specific Activity (U/mg)
GOR 1 0 0 0.0
GOR 1 0.005 0.31 61.3
GOR 1 0.010 0.62 61.7
GOR 1 0.015 0.92 61.6

Standard assays were conducted with 1 mM BV in 2 mL of 50 mM EPPS buffer, pH 8.0, in sealed anaerobic
cuvettes. Reactions were carried out with varying concentrations of purified His-tagged GOR and reactions
were initiated by the addition of GAP. Increasing concentrations of enzyme increased the total BV reduction
activity, but specific activity remained constant. Without the addition of GOR, no GAP dependent reduction
of BV was observed, demonstrating that GOR is responsible for the measured activity.



Table S2. Effect of TPI on standard GAPDH and GOR activities

Predicted Specific Activity
Enzyme Assay TPI [GAP] (mM) [DHAP] (mM) Activity (U/mg)
GOR - 0 10 No 0.0
GOR - 1 0 Yes 613
GOR - 1 1 Yes 47.6
GOR - 1 10 Yes 18.1
GOR + 0 10 Yes 16.7
GOR + 1 0 No 1.5
GOR + 5 0 Yes 190.1
GOR + 15 0 Yes 645.5
GAPDH - 1 0 Yes 0.9
GAPDH - 0 10 No 0.1
GAPDH - 1 10 Yes 4.4
GAPDH + 0 10 Yes 2.6
GAPDH + 1 0 No 0.0
GAPDH + 5 0 Yes 2.2
GAPDH + 15 0 Yes 23

Standard GOR and GAPDH assays were performed in sealed anaerobic cuvettes in 2 mL of EPPS buffer,
pH 8.0. GOR assay included 1 mM BV and 0.005 mg of purified His-tagged GOR. GAPDH assays included
20 mM dipotassium phosphate, 1 mM NAD and 20 pL of partially purified GAPDH (1.6 mg/mL).
Reactions marked “+” contained 30 uL of partially purified TPI (10 mg/mL) while those designated “-* did
not include TPI (although minor TPI contamination of GAPDH is indicated by background activity when
DHAP but no GAP was added). Reactions containing GAP were initiated by the addition of GAP to the
assay mixture. Reactions containing containing TPI but no GAP were initiated by the addition of TPI.
Specific activity is expressed per mg of GOR or GAPDH.



Table S3. Strains used and constructed in this study

Strain Parent Genotype Alias Reference
I MACB1032 I IIApyrE Acbel I I Q8
JWCBO018 ApyrFA Acbel 2)
MACB1010  JWCBO18 ApyrFA Acbel:Pgxor-pfd ~ OE-XOR/PFD  This study
MACB1050 MACB1032 ApyrE AcbelAgorL AgorL This study
MACB1074 MACB1032 ApyrE AcbelAgorS AgorS This study




Table S4. MS-based metabolomics of AgorL and parent strains

Metabolite Log, Fold change®
Homocysteine 3.555 £+ 0.363
Ribose 5-phosphate 1.675 + 0.234
Sedheptulose 7-phosphate 1.614 = 0.179
4-hydroxybenzoate 1478 + 0.276
Glucose-6-phosphate 1.341 = 0.097
Fructose 6-phosphate 1318 =+ 0.082
Malate 0916 £+ 0.026
Ribulose 5-phosphate 0892 + 0.267
Glycerol-3-phosphate 0525 £+ 0.016
Fructose 1_6-bisphosphate 0505 £+ 0.06
Dihydroxy acetone phosphate 0485 = 0013
Threonine 0477 £ 0.069
Valine 0278 £+ 0.04
Phenylalanine 0253 + 0.015
Myoinositol 0.238 + 0.005
Glutamate 0.164 £ 0.006
Serine 0.164 £ 0.044
Leucine 0.044 = 0.001
Succinate 0.002 = 0
Pyruvate -0.019 £ 0.001
UDP-N-acetylglucosamine -0.127 £ 0.005
Phenylpyruvate -0.177 £ 0.005
Methionine -0.354 £ 0.029
Aspartic acid -0445 £ 0.022
2-ketoglutarate -0454 £ 0.031
Tyrosine -0.772 £ 0.030
Dihydroorotate -0.820 £ 0.046
Isoleucine -1.071 £ 0.012
Fumarate -1.326 £ 0.135
NAD+ -1407 £ 0.145
Citrate -1.769 £ 0.022
Quinolinate -2.060 + 0.824
3-phosphoglycerate -4.122 £ 0.142
Phosphoenolpyruvate -4.525 £ 0.178

*Changes in concentration are given relative to the parent strain.



Table S5. Primers used in this study

Primer Target locus Sequence (5'-3")
ISAORKO3'F 3' flank gor-L éAGTTAGGCTGGTGGGTACCTTCCCAAATCTGCACCCTAT
CAAAAAAACTATTTACCTCTACTCCAATCTTCATTTAAAA
JAB0004 3' flank gor-L | TGGAATTCTTTT
TGAAAC
JABO0003 pARO003 TTAAAATGGAATTCTTTTTGAAACATCAAC
CTGCATAGCCTCTTTTAAATCCTGTCTTACTCACTCACCTC
JAB002 pPARO0O03 TTCCATTG
JABOO1 5' flank gor-L. | CTTACTCACTCACCTCTTCCATTG
ISAORKOS5'R 5' flank gor-L. | GGACTATGAAGGAGAGCTGAATTCTCTGACGCTCAGT
ISAORKOvectorF | pGL104(1) TGAATTCTCTGACGCTCAG
CTTTCTACATAGAAAGGATGGTCTCTAGAATGAATAAAG
ISCB003 pGL104 ATGCTTACAT
TCAAATGTTC
GLCBO096 pGL104 ATGAATAAAGATGCTTACATTCAAATGTTC
ISAORKOvectorR | pGL104 GTTAGGCTGGTGGGTACC
ISCB004 pims006 CATAGCCTCTTTTAAATCCTGT
JABO0003 pims006 TTAAAATGGAATTCTTTTTGAAACATCAAC
ISCBO05 5' flank gor-S ii?éGCCTCTTTTAAATCCTGTTTAAATCACCACCTGTAA
ISCB006 5' flank go-S GGAAAGCTTATTAATTATGTAAAATAAGAATTCTCTGACG
CTCAG
ISCB007 pims006 GAATTCTCTGACGCTCAG
ISCB008 pims006 GTTAGGCTGGTGGGTACC
\ CTTATAAAGTCTTTGCCTATCATTTAAAATGGAATTCTTTT
ISCB009 3' flank gor-S TGAAAC
ISCBO10 3'flank gor-S | GTTAGGCTGGTGGGTACCCTGTTGTCTTTATCCCCAAAAG
IS IMSPEAOR CCAATGATCGAAGTTAGGCTGGTGGTACCTTATTTTACAT
AORKOvectorR2 | P AATTAATAAG
IS
AORKOvectorF2 pIMSPFAOR [ GCAGATAGAAGGAATTCTCTGACGCTCAGTGGAAC
\ , CGAAGTTAGGCTGGTGGTACCTTATTTTACATAATTAATA
IS tagAORS'F2 5' flank gor-S AGCTTTCC
IS tagAORS'R 5'flank gor-S | GGTTCTTCGAGCTGATAACACAGGATTTA
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Figure S1. A) C. bescii gene cluster (Athe_0820 to Athe_0831) encoding GOR-L and GOR-S (orange)
and the proteins necessary for pyranopterin biosynthesis (green) and tungstate transport (blue). B) Gene
organization of recombinant strains of C. bescii AgorL. (MACB1050), AgorS (MACB1074) and OE-
XOR/PFD (MACB1010). Abbreviations: slp, S-layer protein; Cbhtk, thermostable kanamycin resistance
gene.
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Figure S2. Activity of GOR and GAPDH following separation by anion exchange chromatography.
The activity of GAPDH (red) and GOR (blue) were determined by the GAP-dependent reduction of NAD

and benzyl viologen (BV), respectively. The concentrations were GAP (5 mM), NAD (1 mM) and BV (1
mM).
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Figure S3. Kinetic properties of purified GOR (A) and partially purified GAPDH (B). The activities were
measured by reduction of BV and NAD, respectively, both at a concentration 1 mM.
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Figure S4. Kinetic properties of purified GOR using C. bescii ferredoxin as the electron acceptor. The
concentration of GAP was 5 mM.
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Figure SS. A) Estimated molecular mass of GOR holoenzyme (Peak B) and GOR heterodimer (Peak A;
open circles/arrows). The standard proteins (closed circles) are (a) thyroglobulin (669 kDa), (b) apoferritin
(443 kDa), (c) amylase (200 kDa), (d) alcohol dehydrogenase (150 kDa), (e) albumin (66 kDa) and (f)
carbonic anhydrase (29 kDa). B) Size exclusion chromatography elution profile of affinity purified GOR
showing GOR holoenzyme (Peak B) and GOR heterodimer (Peak A). Fractions were monitored in the UV
(280 nm for protein) and visible (390 nm for iron-sulfur clusters) regions.
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GOR-S

MIGRDFIRVL
PLHESQPLII
RNAGYDAIVI
EPGPGRRSII
MIMGEEDLPI
ISSLPTRNLL
REFDXGYEYE
ISTGVVLAWA
YYTIGRGLXE
LDNAGYSYDQ
TILRALNAVG
ETPTMWGKMD

Protein sequence coverage: 57%

Matched peptides shown in bold red.

YIDLTNRRAD IQERKDLYKY
SIGPLSTIFP VVTRAVATFI
TGKAQKRPTYL VITDRNIEFK
RIGKAGENLV TYSCVNVDTY
ANLREYFKTY QEIYRRVTQT
QSTFEHADDI SGETFAERNL
SISVSYDHEL IYALGSLLGI
TEALKKGLIS REDTLADLEF
AVKRKYGGEEF ALLYGGNEMA
SARELKDEEI IDYVINEEKE
INWTDDDLTR LANDVFFTKL
EERLNRLLKM YIERVEREYE

Protein sequence coverage: 66%

Matched peptides shown in bold red.

GOR-L
66 kKDa

LGGAGVARKL
SPHTGEYGES
DARAMWGLDI
RHFGRLGIGT
DAMARYHELG
VRKVSCVGCP
KTTDEVLQII
GNTMEYVRAL
GYHTGYAFAL
RAVLTSLCIC
KIKKELGYSL
DWSRGK

LEENMRRGVD
HAGGRLAMAI
EETGRVIRER
VEGSRNLKAM
TPMNIRVLNS
IGCIHIGQFR
EEVELAGLDA
DNIADRSNEF
GQTVGARHSH
LPARKVYDRS
ENYRFPRRIF

GOR-S
15 kDa

1 MPXVLRADNM NRCLGCFTCM LICAAVNHNN HNLAXSSIKV KTRGGLQSKE
51 AATICVACKE PACAEACPTN ALVKRPGGGV KLIEEKCIAC EKCVSACIVG
101 SIHEMDYDRRI PIVCRHCGAC VRMCPHNCLS MEEVSE

Figure S6. A). SDS-PAGE analysis of GOR following ion exchange, affinity and size exclusion
chromatography steps from cell extract of the C. bescii strain OE-XOR/PFD. Lane 1 affinity purified
GOR lanes 2 and 3, peaks A and B respectively from size exclusion chromatography (refer to
Figure S5B). Gel was stained with Imperial Protein Stain B). MS/MS analysis of the indicated bands.
Peptides that matched the sequence of GOR-L and GOR-S are shown in red. Red boxes indicate bands

excised for MS analysis.
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A
Mononuclear Fe

PF0346(aor)....(288)CYA CPIGC.. (36)EANH.. (2) DEL GIDT.. (14)EKGH.. (126)DSAGLC
PF1203(for)*... (292)CPY CNMPC............ (41)DEM GMDT. ...cvueuennn (146) EMLTAC
PF1961 (wor4) ... (287)GKS CPIKC.....ccvuu.n. (44)NNY GIDS. . evveuenenns (137)NMLGVC
PF1480 (wor5) ... (299)DYG CPVNC.....ccuu.n. (46)DEL GID....evveuenenns (130)DSAVIC
PF0464 (gapor) .. (333)CGEPCPVVC.....ccuu... (36)DAM GFDA. ... cvvvvn.. (159) DNVGWC
Athe 0821 (gor) . (286)CVG CPIGC............ (49)VELAGIDA. . . vt vvvnn. (134) TSLCIC

L ———ptein—— T |

4Fe-4S

MPKVLRADNMNKCLGCFTCMLTCAAVNHNNHNLAKSSTKVKTRGGLQSKFAATICVACKEPACAEACP
TNALVKRPGGGVKLIEEKCIACERCVSACIVGSIHMDYDRKIPIVCKHCGACVRMCPHNCLSMEEVSE

Figure S7. A). Pterin and [4Fe-4S]-binding motifs in the WOR family enzymes. B). Sequence of GOR-
S showing the four cysteine motifs.

*The NCBI RefSeq protein start position shown here for FOR (PF1203) differs from that of the previously
purified protein, which contains an additional eight residues at the N-terminus (3).
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Figure S8. Growth of the parent (blue) and AgorL (red) strains on the indicated carbon sources at 75°C
(n=3).
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Figure S9. A). Phylogenetic tree of the WOR family of enzymes 4,063 C. bescii GOR-L sequence
homologs based on InterPro domains (IPR013983 and IPR001203). Only branches with ultrafast bootstrap
(UFBoot) values greater or equal to 94% confidence are displayed. represent GOR-L (red) and five
previously identified P. furious tungsten-containing oxidoreductase enzymes, AOR (dark green), WOR4
(purple), WORS (pink), FOR (gold), GAPOR (blue), and three others, Aa AorB (lime green), Ec YdhV
(brown) and Gm BamB 1 & 2 (cyan). The outer ring indicates the source of the sequences where bacteria
are gray, archaea are yellow and unknown environmental sequences are red. B). An enlarged region of a
phylogenetic tree featuring C. bescii GOR (Cb GOR) and P. furious GAPOR (Pf GAPOR).
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Figure S10. Plasmids used in this study for A) deletion of gorL (pIMS006), B) deletion of gorS (Pfd;
pIMSO014) and C) overexpression of His-tagged GOR (pIMStagAOR). CbHTK under control of the slp

promoter was cloned from D) (pAP003).
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