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Supplementary Figures
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16. ABR34172.1
17. ABR49648 .1
18. ABS55663.1
19. ACD39765.1
20, ACED4672.1
21. ACF12018.1
22 ACF13496.1
23 ACF44168.1
24 ACF46648.1
25 ACLO3217.1

IPEvME I REBcaAY ABEK
IPEB 1 ITNREBccYABCK

IPB I LENREBCAFABTK
IPEB I LENRECAFABTK
vPE I 1 F@rRBcayABCK
vPE 1fE@rREBccyaBcKk
VPEL IFMREBcAYABCK
IPEB I LETNREBCAFABTK
vPE I ITEREBcEYABCK
VPE I 1FEREBcAYABCK
I PEB 1 | FEREBcEY ABcK
vPE 1fE@rRBccyaBcK
VPE! I FEREBccyYABCK

VPE!I ITNREBcAYABCK
vPE I I TEREBcEYABCK
|PEBvMTHREBCcCYABCK
IPEB 1 1 ENREccFABCK
I PEB1 1 E@RBcaYaABcK
vPE FEREBcEY ABcK
IPE 1 | EE@REcCEY ABCK
VPE ! ITEREBcEYABCK
vPE!I ITEREBccYABCK

26.4cL09555.1 [{PE 1 | EMREBcElyY ABCK

27. ACL15931.1
28. ACM14082.1
29 ACETE5111
30. ACUBB955.1
31. ACVE1912.1
32. ADES5851.1
33. ADG31560.1
34 ADHET122.1
35. ADK13575.1
36. ADKBZ2107 1
37. ADKB38131
38. ADL52529.1
39. ADLE9354 1
40. ADMO1323.1

IPB 1 | E@REBcAYABCK
VP.II..R.CCY&.CK
IPEB I 1FuREcCE Y ABCK
| PE 1 1 TMRECT Y rBCK
IPEB 1 | FNREBcAYABCK
I PE 1 | FEREBcEY aBcK
IPEB 1 | FNREBcAYABCK
IPEB 1 I TMREBcCEYABCK
vPEBv ITEREBccYABCK
vPE I FEREBccYABCK
IPEB 1 1 FvREBcE Y aBckK
IPE 1 | FNREBccYyaBcK
|PE I MTNREcCEY ABAK

|PE LEvMREBccy ABCcK

v
W
W
W
W
W
v
W
W
W
W
W
v
W
W
W
W
W
W
v
W
W
W
W
W
v
W
W
W
W
W
W
v
W
W
W
W
W
v
W

WEP 1 KBEmvHIEHEPVEC
MEP I KBEm I HITHEP I BC
FEP I KBEmvHLVHEP I BC
FEFP I KBmvHI vVHEP | BC
L.P.R.IV.IFH.PI.C
I@PpyBBEmvHI vHEPVvEC
LEFPFRBVLE I FHEP
FEP I KEmMVHLVHEP
LEFTRE I v I THEP
LEFTRE I v I vHEP
LEFPFRBLVELEHERP
LEFPERE vl vHEP
|EPYEBBEmvHI vHEPVEC
LEPLKDB I vHITHEP I BC
LEFTREvVNITHEP I BC
LEFLKB I vLLTHEP I BC
LEFLKBvVvHIVHEP I BC

vaP I KBm I @1 fHEPvEC

LEFPERD |
LEPTRD |
LEPTRD !
LEFPTRD !
LEFTRD |
LEFPTRD |
LEFPTERD |
LEPTRD |

vl vHEP
VML VHEP
vl vHEP
LN vHEP
v vHEP
vllLvHEP
N THEP
vl I THEP

| Be
| Blc
| Bc
| Bc
| Bc
| Bc
| Bc
| Blc

VEP I KBEmvHI vVHEPVEC
MEPTRE ! vNLVHEP I BC
MEPTRE I vl I THEP | BC
LEPTRE I vNIFHEPF I BC
LEPLKBmvHI vHEP I BC
IBPiyBicriIfHEP I Bc
LEPLKB ! vHIfHEPVEC
MEPTRE I vNLVHEP I BC
MEP I KBEm I HITHEPVEC
LEFTRE ! N1 THEP I BC
MEPTIRE I vl 1 fHEP 1 Bc
LEPvKBmvHI vHEP I BC
FEPVKB ! LHLEHEP I BC
LEPFERE I LB FHEP I Bc

Supplementary Figure 1a | Multiple sequence alignment of a segment of representative
NifD protein sequences. Position 75 of the R. palustris (ADU46342) NifD is highlighted with a
red box. For simplicity, only 40 sequences are shown here.



1.ApU27824.1 | PEBE 1 EEREBcEBYyc@akyv) BEvLKBF 1 @L  HEPVEC
2. 40046351 | ABELEERECEYCEBAK YVl BBV I KBc 1 @m 1 HEPVEC
3442712031 | PEELEERBcEBYycBak vl BEv 1 KBc 1 @m 1 HEPVEC
4.4BA236311 | PEELEEREcCEYCEBAK v BBV LKET @w 1 HEPF I BC
5.Aco765221 | PEMLEERBcAFCBaAKYv) BEvLKEF @m HEPLEC
6.ADP69796.1 | PEFILEEREcCEFcEakyv) BEv LKDF 1 @m I HEPVEC
7.AGK14066.1 | PEF L EEREcAFcBAK v BBV LKET Bm 1 HEPLEC
8.AGK189541 | PEMLEERBcAFCcBakKYv) BEvLKBF @m HEPLEC
9.Ackoe263.1 | PEFILEEREcEYcEakyv) BEv LKBF 1 @LvHEP I BC
10.A10125041 | PEMLEEREBcEYcBAaK v BEvLKDF @Bm 1 HEPVEC
11.AJ847505.1 | PEMLEERBcEBYycBak v BEvLKBF 1 @BLvHEP I BC
12.A1851493.1 | PEMLEEREBcCEYcBak v BEvLKEF @LvHEP 1 BC
13.AE197611 | PEMLEERBCcAFCBaAK v BEvLKEF @m  HEPLEC
14. AKB29650.1 - - - - MEEREBcEBYc@akyv) EEv I KBc 1 @m I HEPVEC
15.AKB33577.1 - - - - MEEREBcCEYcBakv) EEv ' KBc 1 @m 1 HEPVEC
16.AKB44493.1 | PEELEERBcEBYycBak vl BEv 1 KBc 1 @m 1 HEPVEC
17.AKB43005.1 | PEEIL EEREcEBYyc@akyv) EEv 1 KBc 1 @mw I HEPVvEC
18.AKkB51721.1 | PEELEEREBcCEYcBaK v BEv ' KBc 1 @m IHEPVEC
19.AKkB54345.1 | PEELEERBcEBYycBak vl BEv 1 KBc 1 @m 1 HEPVEC
20.4kB57572.1 | FEE L EEREcEYcBAK vl BBV | KBc 1 @m 1 HEPVEC
21.AKB31529.1 | PEE ) EEREcEvc@AKYvl BBV | KBlc 1 @m 1 HEPVEC
22 AKG34370.1 | PETLEEREBcEYyc@akv) BEvLKBT 1 @u 1 HEPFvEC
23.AKJ38129.1 | PEE L EEREcCEYcBAK vl BBV | KBc 1 @m 1 HEPVEC
24.8aAH06671.1 | PEF L EEREcEFcBEK vl BBV LKET BL 1 HEPVEC
25.eDK33780.1 | PETLEEREcEFc@EK Jv) BEvLKBT 1 @L 1 HEPF vEC

Supplementary Figure 1b | Multiple sequence alignment of a segment of representative
VnfD protein sequences. Position 57 of VnfD (ADU27824) (corresponds to the residue position
75 of R. palustris NifD) is highlighted with a red box.



1.ADU447021 | PEE I EEREBcAYyCcEBAKHV) EFPMKBY I HMEHEPR vEC
2.4Bc221951 | PEE 1 BEEREBcAavycBaKHvI B@PvKBvV 1 HI BHEP I Bc
3.48D90205.1 | PEE I EERBcaycBakHv) EFPvKBY iHLEHEPR vBC
4.48J07809.1 | PEF 1 EEREBcaycBaKHV| BFPvKBv I HLEHEFPVEC
5 4CF00151.1 | PEE 1 EEREBcAYycBakKHv) EFPMKBvY i HnEHEPR vEC
6.ACF142831 | PEE 1 EEREBcAYycEBAKHV)I EFPMKBVY 1H I EHEP VEC
7.4cM037511 | PR | EEREBcayc@aKHV| EFPvKBv 1H I EHEFPNEC
5.4c080999.1 | PEE 1 EERBcaAaYycBakHv) EFPvKBY 1H 1 EHEP VvEC
9.4c5863851 | PET | EEREBcAavycEBakHv) EFPMKBY 1 H I EHEPRF VEC
10.ADE24351.1 | PET | EEREBcAvycEBakKHv) EFPvKBVY 1 H I EHEFPNEC
11.ADP72547.1 | PEE | EERBcaAaYycBakHv) EFPMKBY 1 H I EHEP vEC
12.4D079509.1 | PEF | EERBcavycBakHv) EFPvKBY iHLEHEP vBC
13.4DY57120.1 | PEF | EEREBcaAavycBakHv) EFPvKBv 1HLEHER vBC
14.AE137863.1 | PEN | EEREBcaAvycBakHv) EFPvKBY 1H I EHEP VEC
15.4£047910.1 | PEE | EBERBcavyc@akHv) BE@PmKBY 1 H I EHEP I BC
16.AFA474921 | PEE 1 EERBcaAaycBakKHv) EFPvKBY i HmEHEPRP vBC
17.4GK13257.1 | PEE | EERBcaAavycBakHv) EFPvKBY 111 EHEPF vEC
18.AHF9130.1 | PET | EEREBcAYycBakKHv) EFPvKBv IHLEHER VEC
19.4F532001 | PEE | BERBcavycBakHv BRFPMKBv  HnEHEPVEC
20.A1026365.1 | PEE | EEREBcaycBaKHv| BFPvKBv i HuEHERPVEC
21.Ak10657.1 | PEE | BEREBcaycBaKHv|I BFrPvKBv 1 HIBHEFPVEC
22.8AH05371.1 | PEF | EEREBcAavycBAKHV|I BRPvKBA HuEHEFPVEC
23.8AR99382.1 | PEE | EEREBcAavycBAKHV|I EFPvKBY 1HI BHEFVEC
24.ccco71151 | PEE | EEREBcayc@aKHv| BFPvKBv 1HIBHEF I BC
25.cuua33zo | PEE | EEREBcaycBaKHV|I BFrPvKBvY 1HIBHEFPVEC
26.EDK324241 | PEN | EEREBcAaYycBAKHV| BFPvKBA HuEHEFPVEC
2740176231 | PER | EEREBcavycBAKHV|I EEPvKBY 1HI EHEFVEC
28.41057937.1 | PEF | EEREBcayc@aKHV| EFPvKBv IHLEHEPVEC
29.A41063607.1 | PEF | EEREBcayc@aKHv|I BFPvKBv i HuEHERPVEC
30.cor55107.1 | PN | EEREBcaAavycBakHv) EFPvKBY 1HLEHER vBC
21.AGF56849.1 | PEE | FEREBcAYycEBakKHv) EFPMKBv iIHMEHEPR | BC
32. 404498561 | PET | EBERBcavyc@BakHvh BTPMKBv 1 HnEHEP I BC
33. 408538441 | PET | EERBcaAavycBakHv) EFPvKBY i HnEHEPRP | BC
34.AHJ129121 | PET | EERBcaAaycBakKHv) EFRPvKBA 1 HnEHEPR vBC
35. 447705001 | PEW | EEREBcAFcEBaKHV) BAPMKBvV IHLCHEPR VEC
36.4KkB52430.1 | PEW | BERBcaAaFrcBakKHvh BaAPuKBv I HLCcHEPVEC
37.AKkB824121 | PEF | EERBcArFcBakHv) EEPvKBvY iIHLCHEP vBC
38. AaM04629.1 | PET | EERBcaAaYycBakHv) BaPnKBv iHvEHEPR vBC
29 AGK17546.1 | PEE | EEREBc Ay cBakKHv) EFPMKBvY 1H I EHEP VEC

Supplementary Figure 1c¢ | Multiple sequence alignment of a segment of representative
AnfD protein sequences. Position 57 of AnfD (ADU44702) (corresponds to the residue position
75 of R. palustris NifD) is highlighted with a red box.



1.ADU463421 KF | I PYRCEEBFREVEESE L ANBv I RBWv F
2. 44K782371 1@V I AFEBcEEBYKEvERS A ANNE I LET v 1
3.AAM07249.1 1 Kv I PARCEEYREVEEE A ABNELMEHL |
4.4AM304181 1KV I PARCEBYREVEEE A ABNALMENL |
5. AaM727621 CllvFEFEcEEYREVEEE A ANNEBVFKHMY
6.AA5944371 I PvmMAFNcEEYKEvEREE A ANNK! FBmAL
7.44w306371 I KvFEIFEcCEEBY KEvEEE A ANNE! FKHMYV
8.AAZ681531 I KV I PARCEEBYREVEEE A ABNALMEHL I
9.ABB24333.1 CHMvFEFEcEEYREVEEE A ANNEv FEHMY

10.aBB28508.1 CHlv FEFEcEEYREVEEE A
11.ABK167101 INlvFAFEcEEY KEvEEE A
12.ABLE47941 CNlv FEFEcEEYREVEEE A
13.ABM301041 | PvmMAFNcEEYKEvERE A
14.AB0513221 VEVMAFRcEEY KEvEEE A
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15.ABP37358.1 CHlv FEFEcEEYREVEEE A | ANNE | FKHMV
16.4BR341721 | Blv I EFPcEEBY KEvEESE A I ANNKL I KBV I
17.ABR49643.1 | @vmarBcEEYKEvEEE A | ANV LMRB vV |
18.ABS55663.1 I@vLAYACEEYKEvVEEE A | ANNT ' mEN v |
19.AcDsa7es1 CNlv FEFEcEEYREVEEE A | ANNEBV FKHMYV
20.Aace046721 Cll | FEFEcCEBY KEvEEE ~ | ANN@V FKHV vV
21.AcF12018.1 cllv FEFEcEEBYREvEEE A | ANNEBV FKHMV
22 ACF13496.1 cCllv FEIFEcEBY KEvEEE » | ANNBLFKHVV
23.acFa4168.1 Cllv FEFEcEBYREvEEE » | ANNEVY FKHMYV
24.acra6648.1 Cll | FEFEcEBY KEvEEE » | ANN@V FKHV vV
25.ACL032171 1 FEFEcCEBY KEvEEE A | ANNEB | FKHVV
26.ACL09555.1 |1 FAFEcEEBY KEBvERS A | ANNE ! FRHVV
27.AcL15931.1 1@v LEFNcEBY KBvEEE ~ | ANNNLvEHV |
28.ACN14082.1 | v FEFEcEBY KEv EEE » | ANNE ! FEH vV
29.ACc578511.1 cllv FEFEcEBY KEv EEE » | ANN@vVFEHLV
30.acus8955.1 CllvFAFElcEEY KEvEEE A | ANNK ! FEBv v
31.ACv619121 1P IMAFRNcEEY KEvEEE A | ANNELMEHV I
32. ADE558511 LEMlvm A FECEEY KEvEEE A | ANNKvV FTBM I
33. 406815601 | PvMEFNcEEYREVEESE A | ANNEL LEWV v
34.aDH87T1221 Cllv Yy AFElCEE Y KEvEEE A | ANNE@V FRH I Vv
35.ADK135751 INlvLAFEcEEY KEvEEE A | ANNTvMEE! |
36.ADK821071 CNlVvF AFEcEEBY KEvEEE A | ANNE ' FKHV V
37.ADK838131 CMlvF AFElcEEBY KEvEEE A | ANNEY FKHL vV
38.ADL52520.1 VEVLEFECcEEYKEvEEE A | ANNLLLEKV vV

39.ADLG9354.1 | KV | fvEIcCEEY KEvEEE A LABNEL 1 mB1 v
40.ADN01323.1 VIl 1 F A FEcEEY KEv EaS A | ANk L FEBv v

Supplementary Figure 2a | Multiple sequence alignment of a segment of representative
NifD protein sequences. Position 201 in R. palustris NifD (ADU46342) is highlighted with a
red box. For simplicity, only 40 sequences are shown here.



1.4DU27824.1 VBlI FCBBcABF ABvE viEN I BWWNEKV
2. AMM046351 VBl FvvECPEBF ABVE ELNIEWMRDK !
3447712031 VBl FVvVECPEFAEVE ELNIEWMRDK I
4084236311 vBlI FcvEcCPBF ABvEEE viN ) AW NEKV
5.4c0765221 VBIVFElvECFEFEEvE VLN EW NEKv
6.ADP69796.1 VBl FElVECPEF AEvER VLN EW NBKv
7.AGK14066.1 VBlv FvVECPEFEEYERSK VLN I BW NEKvV
3.AGK189541 VBIVvFEVECFEFEEvEREK vLN I EW NEKv
9.AGK982631 VBILFA I BcPBFABvEREM vENIBWWKEKY
10.A012504.1 VBlI FyvECPEF ABvEREK vLNuEWN NEKv
11. 418475051 VBILFAVECPEF AEBvEEE M vENIBWWKEKY
12.AJA514931 VBILFAVvBCcPEF ABlvEEEm vENI BWWKEKY
13.AJE19761.1 VBV FElvECFEF EEvEEEK VLN EW NEKv
14.AkB29650.1 VBl I FYVECPEF AEBvEEEK ELNIEWMRDK I
15.AKB33577.1 VBl | FYy vECPEF ABvEREK ELNIBWMRDK |
16.AKB44498.1 VBlI FYVECFEF ABvEEEK ELNIEWvRDKV
17.AkB48005.1 VBl I FvvECPEF aBlv EEE K ELN I BWmRBKYV
18.AKB51721.1 VBl | FY vECPEF ABvEREK ELNIEWMRDK !
19.AKB543451 VBl I FYVECFEF AEBvEEEK ELNIEWMRDK I
20.akB575781 VBl 1 FvvECPBF A8 v E@EK ELN I EBWvRDK I
21.AKkB315891 VBl 1 FYvECPEF ABvEEEK ELNIBWmRDKY
22.AKG343701 VB FYvECPEF ABvEEEK VLNMEW NEKvV
23.AKJ38129.1 VBl I FvvECPEBF ABvERSK ELNIBWMRDK |
24.8AH06671.1 VB 1 FCEECcABF ABvEEEK vENIEWNWNEKY
25.e0K33789.1 VBl | FCEEc ABF ABvEEEK viENI EWWNEKY

Supplementary Figure 2b | Multiple sequence alignment of a segment of representative
VnfD protein sequences. Position 180 of VnfD (ADU27824) (corresponds to the residue
position 201 of R. palustris NifD) is highlighted with a red box.



1.4apu447021 VB FECNEPEFEEFPEEEE Ki Al NBKv
2.4BC221951 VB I FvCNEFEBF ABP KiN AljvNEK v
3480202051 VB 1 FvcNEPEF AEBrPEESE K AL NEK v
4.ABJoT8091 IBI FYCNEFPEBF ABP KN Al NEK v
5.4cF001511 v FRCNErPEF EEFPEEEE KiIN Al NBKv
6.ACF14288.1 VB I FvCNEPEF ~AEBFPE KN AfvERKV
7.Acm037511 VBvFvCNEFPEF ABPEE KIN AL NEK v
g.acoe0999.1 VB 1 FvcNEPEF AEBPEEEE Kil Al NEKv
9.Acs863881 VB I FvcNEPEF AEBPEEEE KN Al NEK v
10.4DE843511 vBlvFvCNEPEF AEPEEEE KN AlLNEK v
11.ADP725471 VB 1 FYCNEPEF AEPEEEE KiN Al NEK v
12.ADO79509.1 KKV FvCNEPEF s EBPEEEE KINLANLNEwW v
13.aDv571201 VB FvcNEPEF EEFPEESE K Al KEKv
14.AE137863.1 VBI FYCcNEPEF AEPEEE A KiN AlvNNK YV
15.4E0479101 VB 1 FYvCNEPEF AEPEQEE KN aflvNEkv
16.AFA474921 VB 1 FvcNEPEFEEFPEEEE KiN Al NEK v
17.AGK132571 VBl 1 FYvcNEPEF s EPEEEE KIN Al NEKv
18.aHFeg180.1 VB FvcNEPEF EEPEESE Kil Al NEKv
19.AIF533991 vBI FvcNEPEFEEPEEEE KN Al NEK v
20.AJ0263651 VB I FYcNEFPEF BEFrEREE KN Al NEkv
21.ALK10657.1 VB I FYvCNEPEF ABPERER KiN AlvNNKV
22 aos371.1 VB 1 F v oS PEF BEPBESEEHHK N1 AR BEKY
23.8aR99382.1 VB I FvCNEPEF AEBPEEERE Kil AflvENK v
24.cceoT115avB I FvCcNEPEBF ABPERER KN Al NEKv
2s.cuuszzzo vl FvcNEPEF AEBFPERER Kil AlvENK v
26.EDK324241 VB I FYCNEPEFEEFPERER KN Al DEK v
27.A0176231 VB I FvcNEFEF cEFrEREE TN Al KEK Vv
28.a0579371 VB I FvcNEPEF EEFPERER LN Al KEKV
29.A0636071 VB I FvCNEPEBF ABFPERERE KiN AlvNNK vV
30.carss1071vE I FvcNEPEF ABPEEEE Ki Al NEK v
31.AGF56849.1 VB I FYycNEPEF AEBPEQEE KIN Al NNKv
32404408561 VBl FvCcNEPEF AEBPEEEE Kii EWvNEk v
33.am53844.1 VB I FvcHEPEF AEBPEEEE Ki[{ BNvNEK v
34.AHJ129121 KB FvcNEPEF cBPEEEE KN A HEKV
35.a47705001 VB 1 FvcAPEFEEFPEESE KN AflivBEK v
36.AKB524301 VB 1 FvcNAPEFEEPEEEE KN AfljvBEK v
37.4kB324121 VB 1 FvCcMAPEF EEFPEEEE KNI Al DExkv
38.AAM04629.1 VB 1 FvcAPEFEEPEEEE KN Al BEK v
30.AcK175461 VB I FYcHEPEF A BrEEEE KN Al NEKvV

Supplementary Figure 2c¢ | Multiple sequence alignment of a segment of representative
AnfD protein sequences. Position 180 of AnfD (ADU44702) (corresponds to the residue
position 201 of R. palustris NifD) is highlighted with a red box.



Rpal Av Av
Marker AnfDGK AnfDGK

Flowthroughs

245

135 &

Supplementary Figure 3 | Complete SDS-PAGE gel used to analyze AnfDGK protein
purified from R. palustris strain CGA7554 and AnfH protein purified from A. vinelandii
strain DJ1255. The SDS-PAGE gel shown in Fig. 2a is a clipped version of this figure.



R. palustris ('3C-bicarbonate) + Methylomonas
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Supplementary Figure 4 | LC-MS data showing that '*CH4 produced by R. palustris fed
13C-bicarbonate is incorporated into Methylomonas sp. LW13 cells. Compounds consistent
with a retention time and fragmentation pattern of '*C-labeled glucose-6-phosphate and
13C-labeled fructose-6-phosphate were detected in Methylomonas sp. LW13 cells. The data
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shown are one representative sample of four biological repetitions of this experiment.



Supplementary Table 1 | Taxonomic distribution of all forms of nitrogenases in 4571
complete archaeal and bacterial genomes. The total number of genomes for each phylum
along with the number of genomes within that phylum that encode for nitrogenases are shown.

Total genomes encoding

. Total . Total nitrogenase homologs
Domain Phylum nitrogenase
genomes AnfD  VnfD NifD Total AnfD VnfD NifD Total
ARCHAEA  Crenarchaeota 60 0 0 0 0 0 0 0 0
Thaumarchaeota 11 0 0 0 0 0 0 0 0
Candidatus Korarchaeota 1 0 0 0 0 0 0 0 0
Nanoarchaeota 2 0 0 0 0 0 0 0 0
Euryarchaeota 156 2 11 48 48 2 11 48 61
BACTERIA Acidobacteria 8 0 0 0 0 0 0 0 0
Actinobacteria 495 0 0 4 4 0 0 4 4
Aquificae 16 0 0 0 0 0 0 0 0
Armatimonadetes 1 0 0 0 0 0 0 0 0
Bacteroidetes 169 1 0 2 2 1 0 2 3
Caldiserica 1 0 0 0 0 0 0 0 0
candidate division NC10 1 0 0 0 0 0 0 0 0
Candidatus
Saccharibacteria 4 0 0 0 0 0 0 0 0
Chlamydiae 89 0 0 0 0
Chlorobi 11 1 0 11 11 1 0 11 12
Chloroflexi 25 0 0 0 0
Chrysiogenetes 1 0 0 0 0
Cloacimonetes 1 0 0 0 0 0 0 0 0
Cyanobacteria 87 0 1 20 20 0 0 21 21
Deferribacteres 4 0 0 2 2 0 0 2 2
Deinococcus-Thermus 22 0 0 0 0 0 0 0 0
Dictyoglomi 2 0 0 0 0 0 0 0 0
Elusimicrobia 3 0 0 0 0 0 0 0 0
Fibrobacteres 3 0 0 0 0 0 0 0 0
Firmicutes 1013 11 8 70 70 11 8 70 89
Fusobacteria 19 0 0 1 1 0 0 1 1
Gemmatimonadetes 1 0 0 0 0 0 0 0 0
Ignavibacteriae 2 0 0 0 0 0 0 0 0
Nitrospirae 8 0 0 2 2 0 0 2 2
Planctomycetes 7 0 0 0 0 0 0 0 0
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EUKARYA

Total

Proteobacteria 2102 15 1 188 188 15 1 193 209
Spirochaetes 64 0 0 2 2 0 0 2 2
Synergistetes 4 0 0 0 0 0 0 0 0
Tenericutes 142 0 0 0 0 0 0 0 0
Thermodesulfobacteria 4 0 0 1 1 0 0 1 1
Thermotogae 25 0 0 0 0 0 0 0 0
Verrucomicrobia 7 1 0 3 3 1 0 3 4
Apicomplexa 1 0 0 0 0 0 0 0 0
Arthropoda 2 0 0 0 0 0 0 0 0
Ascomycota 10 0 0 0 0 0 0 0 0
Chlorophyta 2 0 0 0 0 0 0 0 0

4586 31 20 358 358 31 20 364 415
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Supplementary Table 2 | Strains and plasmids used.

Strain or plasmid Genotype or phenotype Source
R. palustris strains
CGA009 Wild type; hupV mutant; spontaneous frameshift (4-bp deletion) in hupV +
CGAO010 Wild type; hupV repaired derivative of CGA009; 4 bp inserted in hupV 46
CGA766 CGAO009 AnifH nifD::Tn5 AanfA; expresses wild-type V nitrogenase 24
CGA7661 CGA766 in which the vafD"?74#180¢ mytation was introduced at its native locus  This study
using allelic exchange; expresses variant V nitrogenase
CGA755 CGAO009 4nifH AvnfH; expresses wild-type Fe-only nitrogenase 24
CGA7551 CGA755 in which the anfD"74#1890 mutation was introduced at its native locus  This study
using allelic exchange; expresses variant Fe-only nitrogenase
CGA7552 CGAO009 4nifHDK AvnfH This study
CGA7553 CGAO009 4nifHDK AvnfHDGK; expresses wild-type Fe-only nitrogenase This study
CGA7554 CGAT755 in which the anfD::his was introduced at its native locus using allelic This study
exchange; used for the purification of His-tagged AnfDGK complex
A. vinelandii strains
DJ Wild type 4
DJ1255 DJ AnifDK AvnfK::Km® This study
R. rubrum UR2 Wild type; spontaneous SmR derivative of ATCC11170 4
R. capsulatus SB 1003 Wild type ¥
Methylomonas sp. LW13  Wild type 30
E. coli S17-1 thi pro hdsR hdsM" recA; chromosomal insertion of RP4-2 (Tc::Mu K,,::Tn7) 0
Plasmids
pJQ200SK GmR, sacB; mobilizable suicide vector 31
pJQ-anfDV374HI80Q GmR; anfD"74H1800 coding sequence cloned into the Pstl site of pJO200SK This study
pJQ-vnfD’37411800 GmR; vafD"7AHI89C coding sequence cloned into the Pstl site of pJQ200SK This study
pJQ-anfD::his GmR®; anfD coding sequence with an his8x tag encoded at the C terminus This study
cloned into the Pstl site of pJQ200SK
pJQ-AnifHDK Gm®; in-frame AnifHDK cloned into Pstl site of pJQ200SK This study
pJQ-AvnfDGK GmR; in-frame AvnfDGK cloned into Pstl site of pJQ200SK This study
45.  Larimer, F. W. et al. Complete genome sequence of the metabolically versatile

photosynthetic bacterium Rhodopseudomonas palustris. Nat. Biotechnol. 22, 55-61

(2004).

46. Rey, F. E., Oda, Y. & Harwood, C. S. Regulation of uptake hydrogenase and effects of
hydrogen utilization on gene expression in Rhodopseudomonas palustris. J. Bacteriol.
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188, 6143-6152 (2006).

Setubal, J. C. et al. Genome sequence of Azotobacter vinelandii, an obligate aerobe
specialized to support diverse anaerobic metabolic processes. J. Bacteriol. 191,
4534-4545 (2009).

Lehman, L. J., Fitzmaurice, W. P. & Roberts, G. P. The cloning and functional
characterization of the nifH Gene of Rhodospirillum rubrum. Gene 95, 143-147 (1990).
Strand, H. et al. Complete genome sequence of the photosynthetic purple nonsulfur
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Simon, R., Priefer, U. & Piihler, A. A broad host range mobilization system for in vivo
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